TRANSACTIONS 


THE 


AMERICAN PHILOSOPHICAL SOCIETY 


HELD PHILADELPHIA 
FOR PROMOTING USEFUL KNOWLEDGE 


NEW SERIES—VOLUME XXVIII, PART 


APRIL, 1940 


THE MAMMALIAN FAUNA 
THE WHITE RIVER OLIGOCENE 


WILLIAM BERRYMAN SCOTT AND GLENN LOWELL JEPSEN 


PART IV. ARTIODACTYLA 


WILLIAM BERRYMAN SCOTT 


PHILADELPHIA: 
THE AMERICAN PHILOSOPHICAL SOCIETY 


104 
1940 


7 
is 
g 
4 
* 
# 
& 


wi 


‘ 
: ¥ 
‘| 


TRANSACTIONS 


THE 


AMERICAN PHILOSOPHICAL SOCIETY 


HELD PHILADELPHIA 
FOR PROMOTING USEFUL KNOWLEDGE 


NEW SERIES—VOLUME XXVIII, PART 


APRIL, 1940 


THE MAMMALIAN FAUNA 
THE WHITE RIVER OLIGOCENE 


WILLIAM BERRYMAN SCOTT AND GLENN LOWELL JEPSEN 


PART IV. ARTIODACTYLA 


WILLIAM BERRYMAN SCOTT 


PHILADELPHIA: 


THE AMERICAN PHILOSOPHICAL SOCIETY 


104 


1940 


4 


LANCASTER PRESS, INC., LANCASTER, PA. 


| 


PART IV—ARTIODACTYLA 
WILLIAM BERRYMAN 


few respects are the Eastern and Western Hemispheres strongly contrasted 
their artiodactyls, which are far more numerous and varied the Old World than the 
New. Not only this true Recent times, but was the case also throughout the Tertiary 
period, excepting the Paleocene epoch, which artiodactyls have yet been found. 
Especially scanty the American representation the Pecora, true ruminants, and most 
those which now inhabit North America, the antelopes (other than the pronghorns) 
sheep, bisons, and northern deer, were all very late immigrants from Asia and have 
American ancestors the Tertiary. Until its latest stage, the Uinta, the Eocene epoch 
North America had very few artiodactyls and, throughout the lower and middle Eocene, 
their fossil remains are among the greatest rarities, while perissodactyls several families 
were the abundant and dominant group. The Uinta stage the upper Eocene charac- 
terized the great increase its artiodactyls, which, for the first time North America, 
are numerous and varied, presumably because migration from some other region. Im- 
portant and conspicuous the Uinta artiodactyls are, they are still outnumbered the 
perissodactyls. 

the White River fauna the Artiodactyla have the lead the number families and 
genera and abundance individuals, advantage which increased steadily with the 
progress time, the artiodactyls rising and the perissodactyls declining almost com- 
plementary manner, until, the present time, North America has perissodactyls 
any kind. 

The subdivision Recent artiodactyls was satisfactorily made Flower’s classification, 
which proposed four suborders, the Suina, Tylopoda, Tragulina, and Pecora, but this 
scheme has place for several fossil groups. meet this difficulty, Matthew tentatively 
suggested the addition three other suborders, the Palaeodonta, Ancodonta, and Hyo- 
donta; the last-named equivalent Flower’s Suina and is, therefore superfluous. The 
two other groups are here provisionally adopted and, with few changes, Matthew’s 
suggestions are incorporated the table below, far this applies the White River 
fauna. 


Order ARTIODACTYLA Owen 
Section NON-RUMINANTIA Frechkop. 


Suborder Matthew. 

Family Marsh. 

Lydekker 

Suborder II. Matthew. 

Family Anthracotheriidae Leidy 
Suborder III. Flower 

Family Palmer. 
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Section RUMINANTIA Frechkop. 


Suborder IV. Flower 
Superfamily Hypertraguloidea 
Family Hypertragulidae Cope 
Marsh 
Superfamily Cameloidea Gill. 
Family Gray. 
Superfamily Oreodontoidea Gill. 
Family Thorpe. 
Family Leidy. 


The suborder Tragulina Flower’s scheme has had known members the Western 
Hemisphere and his suborder Pecora not represented the White River; both are, there- 
fore, omitted from the table. 

This large and varied assemblage made several contrasting elements: the 
Palaeodonta are essentially primitive and, although the entelodonts displayed high degree 
specialization, superimposed, speak, upon very primitive basis, much 
existing Monotremata; the entelodonts were immigrants from Asia, were also the anthra- 
cotheres. The suborder Ancodonta includes several Old World families, which only one, 
the anthracotheres, reached North America. Matthew, following most other authorities 
and especially Schlosser, referred the two exclusively North American families, Mery- 
coidodontidae and Agriochoeridae, the Ancodonta; have rather regarded them 
aberrant side-branch the tylopodan stock. 

The only American representatives the Suina are the peccaries (Tayassuidae) 
which are members the White River fauna and, from that time the present, the family 
has persisted North America succession genera, which form several more less 
parallel tribes. Whether the White River genus, Perchoerus, indigenous immigrant 
derivation, not yet definitely known, but the balance probability would seem 
favour its Old World origin. The peccaries are one the two White River families 
artiodactyls which continued modern times, the other being the Camelidae, while seven 
the families are extinct. the whole, therefore, White River artiodactyls are very 
ancient and primitive assemblage and but two the nine families have any descendants 
the modern world. 

striking feature this fauna and one which distinguishes sharply from the Oli- 
gocene faunas Europe the entire absence the Pecora, which never attained here the 
importance which they had and still have the Eastern Hemisphere. true that 
Leidy and, following him, Matthew regarded the most ancient and primitive 
American deer, but find myself agreement with Riitimeyer placing nearer the 
camels. opinion that Tertiary North America the Tylopoda took the place 
the Pecora and played the role that the latter did the Old World. 

the families here included the Tylopoda, one, the Camelidae, not questioned 
anyone and, the White River genera, there every reason think, have the 
actual ancestors all existing camels and llamas. Less obvious and more open question 
the position here assigned the Hypertragulidae, which, above noted, Leidy and 
Matthew referred the deer. This problem will dealt with after the description the 
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family and its genera; here, will suffice note that regard tylopodan. The Hyper- 
tragulidae have smooth with bony protuberances, the Protoceratidae have 
antler-like outgrowths, which give such grotesque appearance the skull. 
plain that the two families belong together and, one tylopodan, the other must 
also. 

Much more difficult and debatable the position which the merycoidodonts (oreo- 
donts) and agriochoerids should assigned. Leidy described the oreodonts combining 
characters the camel, and while Riitimeyer emphasized their camel-like 
structure. Schlosser was the first bring these families into relationship with the European 
anthracotheres and that classification has been widely accepted, but feel impelled 
dissent from it, though with somewhat less confidence than the case the hypertragulids. 
Discussion this problem also must deferred, until the details structure have been 
laid before the reader. 

Whatever may prove its significance, noteworthy fact that three the four 
families here placed under the Tylopoda have never been found outside 
North America and that the fourth, the Camelidae, was not represented any other conti- 
nent before the Pliocene. This fact not only noteworthy, very puzzling view 
the remarkable community Eocene and Oligocene mammals between Mongolia and 
western North America. Each these regions had families which did not share with 
the other, condition which has not been satisfactorily explained, but that the entire 
tylopodan suborder should have failed reach Asia South America until the Pliocene, 
certainly surprising. 

All the families here assigned the Tylopoda are represented the Uinta stage 
the upper Eocene, which time they were all distinctly separated from one another. Yet, 
the other hand, very suggestive fact that these families were all much nearer to- 
gether and less differentiated than they were White River times. Indeed, they have 
every appearance converging backward origin the middle lower 
Eocene. would premature, least, make any positive assertions this head; 
such assertions must await the discovery the older Eocene ancestors, but already 
highly probable that these ancestors will prove common the Tylopoda and the 
Pecora and will found the Old World. 


Section NON-RUMINANTIA Frechkop. 
Suborder PALAEODONTA Matthew 


This provisional group ancient and primitive genera, united chiefly their 
primitive character and their high antiquity, most which occur the middle and lower 
Eocene and are, for the most part, known only from very fragmentary remains. The 
Oligocene families, Leptochoeridae and Entelodontidae, are very much better known and 
understood, but they have little common and differ conspicuously size, the former 
family including only very small animals while the latter were among the largest mammals 
their time. The association seems rather forced and the group somewhat like 
waste-basket, into which are thrown the families for which there other obvious place. 

Matthew’s definition the suborder reads: ‘‘It appears that entelodonts and dicho- 
bunids [i.e. including the leptochoerids] are related retaining with little modification 
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what appears the primitive pattern the bunodont artiodactyls, both molars 
and premolars and anterior teeth. most, but not all them, hypocone developed 
and the cusps are rounded, upper molars wider than lower, premolars ‘and incisors and 
canines Carnivora type. completely didactyl and the dichobunids the 
lateral digits are much reduced the three American Eocene genera which the feet are 
(Bull. Geolog. Soc. Amer., Vol. 40, 406, 1929). 


Family Marsh. 


Suidae Leidy (nec Gray) part: Acad. Nat. Phila., 1856, 88. 
Leptochoeridae Marsh: Amer. Journ. Sci., Ser., Vol. XLVIII, 273, 1894. 


The members this family are belated survivals from the Eocene and are exceedingly 
rare fossils the White River beds. The two genera were named from fragments many 
years ago (1856 and 1873) and were altogether uncertain reference. Recent discoveries 
much better-preserved material have made possible determine, least approximately, 
their systematic position, which seems near the European family the Dichobunidae. 
Several genera the American Eocene have also been referred this family, but im- 
perfect are the fossils, that the reference doubtful, best. 

Two genera White River mammals are assignable this family, Leptochoerus Leidy 
and Stibarus Cope. These genera agree having triangular, tritubercular upper molars 
and quadritubercular lower ones; the premolars, above and below are thin and secant, but 
the separate genera, differ much their antero-posterior extension and transverse thick- 
ness, they are shorter and thicker Leptochoerus than Stibarus, which they are con- 
spicuously xiphodont and resemble those Nothing known the incisors 
upper and lower jaws. The skull has short cranium, with large, incompletely closed 
orbits and very long, tapering rostrum. 


Leptochoerus Leidy 
(Plate XXXVI) 
Leptochoerus Leidy: Acad. Nat. Sci. Phila., 1856, 88. 


Menotherium Cope: Ibid. 1873, 419. 
Laopithecus Marsh: Amer. Journ. Sci., Ser., Vol. 240, 1875. 


Even today, the materials for the description this rare genus, are very incomplete; 
much the best are the type specimen gracilis Marsh, the Yale Museum (No. 10,322) 
and the facial portion skull, with upper molars and premolars, the museum the 
South Dakota State School Mines. The Yale skull much crushed and flattened and 
everything front p2, above and below, has been broken away and lost. 


DENTITION 


The lack the anterior teeth makes impracticable give the full dental formula. 
The cheek-teeth appear be: Upper Teeth. gracilis the foremost premolar 
place, p2, simple, compressed and secant cone, with two roots, and between this and 
the following tooth, p3, considerable space mm., which nearly equals the antero- 
posterior diameter the adjoining teeth. the skull Rapid City referred specta- 
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all the cheek-teeth are unbroken series; and are intact, and represented 
only alveoli. similar externally, but much thicker transversely and has 
minute basal cusps, anterior and postero-external, and postero-internal enamel tubercle; 
the cingulum very inconspicuous. The last premolar, p4, altogether different 
type and more like the half molar, the transverse diameter much exceeding the 
antero-posterior; the crown bicuspid, with external conical cusp and internal one 
which made partly low anterior ridge. The cingulum prominent the 
outer and hinder sides and, for short distance reflected over upon the anterior face. 

The molars decrease slightly diameter posteriorly; and are nearly equal size, 
while obviously smaller and differs little pattern. There are two external, 
conical cusps and single internal one, which incompletely crescentic; addition there are 
two extremely minute, intermediate conules. differs from the others, chiefly reduc- 
tion the posterior half the crown; the metacone smaller than the paracone and the 
posterior conule lacking. All the molars have the cingulum, which relatively prominent 
the buccal and anterior faces the crown. 

Lower Teeth. Incisors and canines are unknown; represented only minute 
alveolus, though for single-rooted tooth. simple, compressed-conical tooth, 
with acute apex and well-developed cingulum, especially the posterior border, where 
almost This tooth isolated short space behind and long diastema 
front it, which was originally present. The two following premolars, and 
and the molars form series five teeth, each which contact with the adjoining 
teeth. like p2, but larger and thicker and with more prominent cingulum, and 
slightly smaller than p3. 

The especial characteristic the premolars Leptochoerus their transverse thick- 
ness, which contrasts decidedly with the elongate, thin and trenchant premolars Stibarus. 

The molars are quadritubercular, with the external cusps slightly larger than the 
internal; has small talon, fifth cusp. 


SKULL AND SKELETON 


good skull this genus has yet been found, the Yale specimen has been greatly 
crushed and distorted and the Rapid City one lacks the cranium; the anterior portion the 
rostrum, front p2, has also been lost. The alveolus and part that are 
preserved, enough prove the presence the latter. The skull-fragment indicates that 
the form and construction were much like those long and low, with elongate, 
tapering rostrum, which, however, would seem not long the other genus. 
The maxillary very large and forms most the face; front the orbit has inflated 
appearance, though the antrum were unusually large. The bony palate nearly 
uniform width, for the lingual sides the two tooth-rows are almost straight, parallel lines; 
because the width the molars, the buccal sides are convex curves. The palate 
slightly concave transversely and the line junction between the two maxillary processes 
ridge, low, but very distinct, conspicuous, fact. The infra-orbital foramen, which 
Stibarus double, single and has the same position the latter, opening above the 
anterior edge p3. The dorsal border the maxillary, has long, nearly straight suture 
with the nasal, but, posteriorly, curves outward give space for the nasal process the 
frontal, which, very large both dimensions. The frontals are deeply incised 


368 TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 


emargination for the nasals, which has nearly parallel sides, though broadening slightly 
forward. Though much the nasals has been lost, evident that they were long, though 
probably shorter than Stibarus, and narrow, slightly convex transversely; their hinder 
portions broaden slightly within the deep emargination the frontals and terminate 
abruptly transverse suture. The mandible has very slender horizontal ramus, 
especially the edentulous portion advance 

Except for the dentition, the Yale specimen not, present, available for description, 
and, therefore, Marsh’s brief note may repeated. ‘‘One interesting feature the skull 
the comparatively large size the brain cavity, and the cast contains shows well-marked 

deep groove the inner side the lower jaw, extending from the dental 
foramen nearly the symphysis.” 

radius and ulna are separate, and the latter well-developed. There were ap- 
parently four functional digits the manus. The fibula much reduced. Its lower por- 
tion has coalesced with the tibia. The hind foot resembles that Homacodon, having 
four usable digits, but the navicular and cuboid are co-ossified, unexpected 
(Amer. Journ. Sci., Ser. Vol. XLVIII, 272)—There would seem two species 
Leptochoerus, one represented partial skull (Pl. Figs. 1a) the museum 
Rapid City (No. 2639) and the other Marsh’s type and referred speci- 
mens (Journ. Acad. Nat. Sei. Phila., Ser. Vol. Pl. XI, Figs. 14-19) are insufficient for 
reference either these. will prevent confusion, therefore, assume that the 
Rapid City skull may assigned spectabilis Leidy. Cope’s Menotherium lemurinum 
not specifically determinable. 


Leptochoerus spectabilis Leidy 


(Plate XXXVI, Figs. 


Leptochoerus spectabilis Leidy: Proc. Acad. Nat. Sci. Phila., 1856, 88. 
Menotherium lemurinum Cope: Ibid., 1873, 419. 
Laopithecus robustus Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 240, 1875. 


Assuming that the Rapid City skull properly referable this species, the most 
obvious difference from gracilis Marsh the close approximation the upper pre- 
molars with one another and with the molars, the series cheek-teeth, being 
without gap; size, this skull closely agrees with Leidy’s type. measuremer.ts 
are given for comparison, recalculated millimeters the basis, line mm. The 
type specimen fragment the mandible with the first and second molars place, 
the two referred individuals are fragment the lower jaw with and part 
and intact and segment the upper jaw with p4, and The measurements 
the type are: ant.-post. diam. 5.66 mm., m2, ant.-post. diam. 5.16, m1, transverse 
diam. 5.16, m2, transverse diam. 4.16. the subjoined table the column marked 
for Leidy’s referred specimen and that under No. 2639 the Rapid City skull. 

Horizon: Probably lower Brulé. 

Localities: Big Bad Lands, So. Dak., Cedar C’k, Col. (Cope). 
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MEASUREMENTS 
No. 2639 

6.3 
7.75 8.3 
5.4 
3.12 


Leptochoerus gracilis Marsh 
Leptochoerus gracilis Marsh: Amer. Jour. Sci., 3rd Ser., Vol. XLVIII, 271, 1894. 


Dr. Malcolm Thorpe very kindly sent the upper and lower jaws Marsh’s type, 
and the description the teeth, together with Marsh’s note the skeleton, was in- 
cluded the account the genus, for the dentition, both upper and lower much 
more complete than any the other specimens, that may well taken the 
standard the genus. The character which particularly distinguishes this species the 
spacing the upper premolars, marked diastema separating and3. The measurements 
the following table were taken from the type-specimens. 


Upper dentition, length p2-m3........ P2, ant.-post. diam 


transverse diam................... Lower molar series, length............ 16.5 
Upper molar series, length............ 12.5 
Lower dentition, length Mandible, depth 


Horizon: Presumably lower 
Locality: South Dakota.” 
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Stibarus Cope 


(Plates XXXVI, 
Stibarus Cope: Palaeontol. Bull. No. 16, 1873. 


This exceedingly rare genus has been mentioned very few palaeontologists and has 
long remained very doubtful reference. Cope, who discovered it, had, type specimen, 
only fragment the mandible containing single premolar, p3, and did not refer 
any family, though comparing with Poébrotherium and 1903, 
Matthew obtained from the Chadron Pipestone Springs, Mont., the fragment 
lower jaw, which held three premolars and the first molar and this correctly 
referred the Leptochoeridae, family which Marsh had proposed for Leidy’s genus. 

the summer 1934, when the writer and Mr. Horsfall were Rapid City, there 
was brought into the museum the State School Mines small skull which, though 
weathered and incomplete, was yet far better preserved than any previously known speci- 
men referable this family. was, first, assigned Leptochoerus and drawings were 
made and description was prepared that supposition, Mr. Bump having most kindly 
given the unrestricted use this unique fossil. the following October, during 
visit the Yale museum had opportunity study the type material Marsh’s 
Leptochoerus gracilis, together with admirable casts Leidy’s type spectabilis. These 
fossils made clear that the Rapid City skull was not assignable Leptochoerus, but 
the even rarer and less known genus Stibarus. second specimen, skull without cranium 
mandible, the museum Amherst College, appears represent distinct species 
Stibarus, and, following page, described loomisi, sp. nov. The differences 
between the two genera the family are most conspicuous the premolars, though, 
good skull Leptochoerus were available, likely that other significant differences 
would brought light. 


DENTITION 
The dental formula Stibarus uncertain, far the incisors are concerned, but, 


9 
combining the two skulls the probable result is: The dentition has 


somewhat the appearance that miniature Archaeotherium, with the extended, 
trenchant premolars and the short, low, molar series. the upper jaw the premolar 
series almost twice long the molar, but the mandible the premolar series, with 
one less tooth, the molar series (longer than the upper jaw) 53. 

Upper Teeth. The incisors are entirely unknown, but, primitive dentition, 
there every reason suppose that these teeth were present unreduced number. The 
skull retains the right canine, though with much worn crown; this tooth rela- 
tively very small and strongly compressed laterally, the antero-posterior diameter much 
exceeding the transverse. The foremost premolar, pl, present the Amherst skull, 
though not the Rapid City one, isolated considerable spaces from the canine 
front and p2, behind, and inserted two roots. The crown smaller than any 
the other premolars and very narrow transversely and extended antero-posteriorly; 
consists main cusp and anterior and posterior basal cuspules, the three the same 
fore-and-aft line. The second and third premolars are much alike externally and has 
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somewhat the longer antero-posterior diameter and both greatly exceed this dimension 
the same teeth Leptochoerus, resembling more the premolars Poébrotherium and 
Leptomeryx and even the European xiphodonts. the Amherst skull and are less 
extended and the dentition is, certain degree, intermediate between Stibarus 
and Leptochoerus. 

the Rapid City skull the great antero-posterior extension and very con- 
spicuous and each externally tricuspidate, with high, acute principal cusp and basal 
cuspules before and behind. the anterior cuspule much less widely separated 
from the principal cusp than p2, which the external cingulum but faintly indicated, 
though there enamel tubercle behind the posterior basal has internal 
elements; has more distinct external cingulum, but posterior enamel tubercle; 
somewhat smaller than and has well-formed conical internal cusp, deuterocone. 
Externally, the main cusp lower and less acute, the posterior basal cuspule 
much smaller. 

The three anterior premolars have trenchant shape, but the fourth one, p4, 
different from all the others; much wider transversely, less elongate antero-posteriorly 
and has only the single external cusp, without the basal cuspules. The deuterocone 
given crescentic shape anterior and posterior crests, which enclose relatively deep 
valley. The anterior crest complete, uniting with the outer wall, but the posterior one 
interrupted. Leptochoerus the inner cusp conical and the crests are faint. 

The molars are closely similar those Leptochoerus; they decrease size posteriorly, 
being somewhat larger than and much the smallest the series. These teeth 
are tritubercular and thus extremely primitive, though with minute accessory elements, 
which are more developed than Leptochoerus. The two external cusps, para- and meta- 
cone, are thin and laterally compressed; the single internal cusp larger and more conical 
and, the Rapid City specimen, shows distinct indication division into two; fine 
vertical groove the lingual side very clear less distinct and wanting m3. 
addition the three main cusps, there are two minute intermediate conules, anterior 
and posterior. The cingulum prominent externally and forms metastyle; also 
present the front and rear faces the crown, but lacking the lingual 

the left side, not only smaller than the others, but also has simplified 
cuspidation; the metacone much smaller than the paracone and hardly more than 
tubercle. The inner cusp not cone, but short crest, which runs obliquely outward 
and separated from the anterior conule notch; the posterior conule lacking. The 
cingulum likewise different from that the other molars; the buccal side less 
conspicuous, but prominent and continuous around the other three sides the tooth 
and has tuberculated border. the right side, decidedly different; larger 
than that the left, though still smaller than m2, and the metacone nearly large 
the paracone and much larger than the left jaw; the internal cusp and 
resembles that p4, but the conules are present, they are not p4. 

That should different the two sides the jaw is, course, abnormality 
and everything indicates that the abnormal tooth the one the left side. the 
drawing (Pl. Fig. which the left series cheek-teeth, has been trans- 
ferred from the right and reversed. 
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Lower Teeth. incisors are preserved any the mandibles, but one the 
specimens the Rapid City collection, the root canine remains. From this may 
inferred that the tooth was laterally compressed and that could real use 
its possessor defensive fang. The premolars, three number, are all much alike, 
save for differences size; they are all much extended antero-posteriorly, thin and 
compressed transversely, with trenchant, acutely pointed crowns, which resemble the 
upper second and third premolars inverted. They are like the corresponding teeth 
Poébrotherium and Leptomeryx and very different from the short and thick premolars 
Leptochoerus. Between the canine and long edentulous space, which increased 
the absence pl. There evidently great variability the lower premolars this 
genus and the discrimination species these teeth alone, has hitherto been done, 
very difficult matter. Externally, the three premolars are much alike, differing slightly 
size, and more complex than the others, though not all molariform. These 
teeth look like and inverted, with one marked difference, least some individuals, 
and that the very much smaller size the anterior basal cusp, which little more 
than vestige. The foremost premolar (p2) slightly more elongate antero-posteriorly, 
and notably thinner and more trenchant. The inner cingulum prominent all three 
teeth and externally well developed and faintly marked 

The two supposed species, obtusilobus Cope and montanus Matthew are distin- 
guished the character p3; both forms the anterior basal cusp large the pos- 
terior one and the former species has posterior cingular cusp which the latter lacks. the 
Rapid City mandible (No. 2291) agrees with the type obtusilobus the presence 
the posterior cingular tubercle, but differs the absence the anterior basal cusp. The 
last premolar, p4, differs from and being shorter antero-posteriorly and decidedly 
thicker transversely and with complex talon which consists small internal and external 
cuspules and between them the cingulum raised into tuberculated ridge. the man- 
dible attached the skull shown Pl. XXXVI, Fig. there remain the molars, and the 
roots p3, front which the jaw broken away. The much more complete lower 
jaw (No. 2291) which used complete the drawing, has intact series cheek-teeth 
and the root the canine. Such teeth the two individuals have common are 
almost exactly the same size, each, but the two differ the form p4, which one 
(No. 3375) has large and distinct anterior basal cusp, the types obtusilobus 
and montanus, while the other (No. 2291) this cusp much reduced, also true 
and specimen. Quite possibly, the two mandibles belong different species, 
though all other respects the two agree closely. 

The lower molars Stibarus, while essentially like those Leptochoerus, are yet 
different some respects. The anterior half the crown, consisting two conical 
cusps, rises somewhat above the posterior half, suggesting the tuberculo-sectorial pattern; 
the posterior half obscurely-indicated crescent, which opens internally. some- 
what more elongate than m2. 


SKULL 


Much the best-preserved the available skulls one the Rapid 
City museum (No. 3375) and shown Pl. This specimen, which has the 
mandible attached, broken off through the rostrum front and the lower jaw 
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broken away the same level, but another mandible the same collection (No. 2291) 
which may perhaps belong different species, lacks only the ascending ramus and the 
incisive alveoli, and makes possible reconstruct the rostrum with much assurance. 
Both arches are missing and most the skull-roof weathered away, exposing 
the cast the cerebral hemispheres and the vermis the cerebellum. The remainder 
the roof badly cracked that few sutures are visible, but the basis cranii and palate 
are much better preservation. Fragmentary this material is, fairly complete 
account the skull-structure may given. Obviously, this small skull was proportionally 
very long, low, slender and tapering forward, suggesting the shape the skull Leptomeryz. 
The cranium short, well-rounded and relatively capacious; the remnants the sagittal 
crest indicate that can hardly have been prominent and sign the temporal ridges 
seen. The occiput shaped much broad the base and low. 
The auditory bullae are large and simply oval; the meatus tubular and prolonged between 
the post-glenoid and post-tympanic processes, not opening the occipital surface, 
does Perchoerus and the suilliness. The basioccipital long and narrow and has 
ventral keel; the condyles are small, widely separated ventrally and projecting prominently 
downward and backward. Both paroccipital processes are broken that their length 
indeterminable; the portion preserved stout and closely applied the tympanic bulla. 

The squamosal very large and forms most the side-wall the cranium; the occipital 
crest continued across the squamosal the root the process, with the 
dorsal border which both zygomatic arches are missing. The post-glenoid 
process large and conspicuous and has concave anterior face, but the post-tympanic 
process small and closely applied the paroccipital. Apparently, the mastoid not 
exposed the surface the cranium. The parietals are very large and seem make 
nearly the whole cranial roof, but these bones have been much damaged weathering 
the only known cranium and the length the sagittal crest indeterminate. The frontals 
are likewise large and seem have share roofing the cerebral fossa; they cover the 
conspicuously large orbits, the unusual size which is, presumably, indicative nocturnal 
habits. The postorbital processes are broken, but were probably not very long, leaving 
the orbits open behind; the supraorbital foramina are continued forward long, vascular 
grooves, which extend over upon the nasals. The orbits are very deep and are separated 
only thin septum, which the optic foramina are confluent. Anteriorly, the frontals 
are deeply incised the nasals, giving rise long, pointed nasal processes. The maxillary 
very large and forms most the side the face; front the orbit has relatively 
great vertical depth, but this diminishes forward rapidly. The infraorbital foramen 
double and opens above the hinder margin p2. The incomplete rostrum was obviously 
more slender and probably longer than Leptochoerus. 

The hard palate long and narrow and deeply concave transversely; the premaxillae 
have been broken away and lost. The pterygoids have prominent hamular processes and 
mesial ridges, with unusually large pterygoid fossae between. 

the mandible, the Rapid City collection has two that supplement each other ad- 
mirably and, while they may, perhaps, belong different species, they are both, unques- 
tionably, referable the genus Stibarus. One these was found attached the skull 
(No. 3375) which has formed the subject the preceding description; this has most 
the ascending ramus and large part the horizontal, with the molars and place 
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and the alveolus p3. The other (No. 2291) has lost the ascending ramus and the incisive 
alveoli, but, otherwise, the horizontal ramus complete and the cheek-teeth are all present, 
together with the root the canine. the teeth common the two individuals are 
almost exactly the same size, the nearly complete horizontal ramus may safely taken 
measuring the length the rostrum. This horizontal ramus remarkably long and 
slender, the edentulous space between the canine and especially slender and the dorsal 
border concave. The symphysis long and procumbent. The groove the inner 
side the horizontal ramus, running from the dental foramen almost the symphysis, 
which Marsh describes Leptochoerus, not present Under the cheek-teeth 
the jaw becomes rather deeper and has gently convex ventral border. The ascending 
ramus high and the condyle raised well above the level the teeth; small and but 
little extended transversely. The coronoid process incomplete, but was evidently broad 
and high; the fossa large and well defined, but shallow. 

part the skeleton, other than the skull, has yet been found. 

Species. Cope’s type-species the one which named and which was 
found the lower Brulé. Matthew described second species, montanus, from the 
Chadron, which, though merely fragment, as, indeed, Cope’s type is, probably distinct, 
for not many species mammals occur both Chadron and Brulé. third species, 
?S. loomisi, new and may perhaps more properly referred another genus the 
family. The type-specimen this the facial portion skull, without mandible, 
which the museum Amherst College. 


Stibarus obtusilobus Cope 


(Plates XXXVI, 


Stibarus obtusilobus Cope: Palaeontol. Bull. No. 16, 1873. 


The comparatively fine Rapid City skull seems clearly referable this species. 
The especial characteristic pointed out Matthew the posterior cingular cusp p3. 
Both this species and montanus, the anterior basal cusp the lower premolars 
conspicuously present, but the beautiful left ramus (No. 2291), also 
Rapid City, these cusps are greatly reduced, almost vestigial. The material insufficient 
show whether this mandible should regarded individual variant, distinct 
species. The measurements are taken from the two Rapid City specimens. 


MEASUREMENTS 
No. 2291 No. 3375 
Upper cheek-teeth series, length............. mm. 


SCOTT-JEPSEN-WOOD: FAUNA THE WHITE RIVER OLIGOCENE 375 


No. 2291 No. 3375 
Lower cheek-teeth series, length, mm. 
5.5 


Horizon: Lower 
Localities: Type specimen, Cedar Ck., Col.; referred specimens, Big Bad Lands, 
So. Dak. 


Stibarus montanus Matthew 
Stibarus montanus Matthew, Bull. Amer. Mus. Nat. Hist., Vol. XIX, 219. 


Matthew’s original description this species follows: 

[lower] premolar with posterior cingular cusp. The second premolar 
long and laterally compressed, with three rounded cusps line, the anterior the smallest, 
the median the highest. The third premolar has similar form and composition, but the 
median and posterior cusps are somewhat larger, and there cingulum around the 
posterior end the tooth. The fourth premolar wider, but not much over half long 
the third, has main cusp, protoconid, anterior cusp connected ridge with it, 
postero-internal and postero-external cusp, all worn off the specimen and none marginal, 
and posterior cingulum. The first molar has four chief cusps, the external ones somewhat 
crescentic, the postero-internal smaller than the others, and posterior cingulum with 
small hypoconid. with diastemata behind and front 


MEASUREMENTS 


(Matthew, pp. 219-20). 


Horizon: Chadron. 
Locality: Pipestone Springs, Mont. 
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?Stibarus loomisi sp. nov. 
(Plate XXXVI, Figs. 2a) 


The type this species the museum Amherst College. For opportunity 
include this monograph, are indebted the kindness the late Professor 
Loomis, whose memory the species dedicated. 

The status the type-specimen somewhat uncertain, because, the time our 
visit Amherst, was impossible make sure the details molar cuspidation. The 
crown-view the teeth fig. may not, therefore, precisely accurate. Quite possibly, 
the species should assigned distinct genus intermediate between Leptochoerus and 
Stibarus. The specimen consists the facial portion skull, advance the post- 
orbital constriction, which attached the cast the olfactory lobes and the anterior 
part the cerebral hemispheres; the mandible entirely lacking. The formula for the 
upper jaw is: i?, p4, m3; presumably, there were three incisors, but nothing yet 
known them. The canine very small, perhaps, sexual characteristic, and thin 
and compressed; however, must have been put some used, for its apex shows con- 
siderable wear. The premolars, four number, differ from those obtusilobus both 
form and manner spacing; separated from the canine shorter diastema 
and from longer one than the latter. The first premolar, pl, has not been 
observed any other representative the genus; the smallest tooth the series, but 
inserted two roots, and the crown, which much compressed and antero-posteriorly 
extended, triconodont, with three cusps line, relatively large median cone and 
anterior and posterior basal cusps, the latter somewhat the larger. was lost both 
sides before fossilization, for the alveoli are filled with matrix; these sockets show that the 
missing tooth had antero-posteriorly extended and laterally compressed crown, but less 
extended than obtusilobus. p3, only the external wall the crown remains 
the left side; the right, the tooth missing; the imperfect crown somewhat shorter 
from before backward than p2, but much thicker transversely, and having three roots; 
externally, there single, compressed conical and secant cusp, with strong cingulum, 
which forms small basal cusps before and behind; evidently, inner cusp, deuterocone, 
was present. P4, seen from the buccal side, appears decidedly smaller than p3, and 
shorter antero-posteriorly, but much wider transversely and almost equals the molars 
breadth; the crown consists single, large external cone, with faintly marked cingulum, 
and internal crescent, the horns which almost reach the outer wall. 

The three molars diminish size backward; when the drawings for Pl. were 
made, the masticating surface was obscured, that the finer details are uncertain. Plainly, 
there are two external cusps, para- and meta-cones, and single internal cusp, which 
more less crescentic; the intermediate conules, which are distinct obtusilobus, 
would seem not present, nor did observe the vertical groove the lingual side 
the internal cusp, which the latter indicates incipient division into two. The 
cingulum strong all around the crown. and are nearly equal size, but 
decidedly the smallest the series. 

The facial portion the skull resembles that and its differences from 
Leptochoerus, especially the elongation and slenderness the rostrum, are marked, 
while there are certain notable distinctions from the species last named. The face 
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very long, broad across the orbits, but narrowing rapidly form the long, slender and 
shallow rostrum, the vertical depth which the canine less than one-third the pre- 
orbital depth. Seen from above, the facial region reminds one that the long-snouted 
armadillos and differs decidedly from the broader, heavier rostrum Leptochoerus. The 
most striking difference the form the rostrum between and obtusilobus 
the curvature seen the former; the dorsal contour convex and the ventral slightly 
concave, making the rostrum decurved, suggest that miniature Ant-bear 
(Myrmecophaga). far preserved, the dorsal and ventral borders 
the rostrum are straight. The frontals are broad over the orbits and are deeply notched 
receive the nasals, making very long and pointed nasal processes. The fronto-nasal 
suture very much the same Leptochoerus. The nasals are narrow and splint-like, 
nearly uniform width throughout their length, and gently convex both longitudinally 
and transversely; the tips have been broken and lost. The maxillary large bone and 
makes most the face; deep vertically front the orbits, shallowing rapidly 
forward. For its whole length, displays broad, shallow which runs parallel 
with the alveolar border. The infra-orbital foramen narrow and slit-like and opens 
above the space between and hard palate gently concave antero-posteriorly, 
more decidedly transversely. The front border the posterior nares raised and has 
median spine; this border line with the space between and m2. Hardly any 
the premaxiilary preserved and the incisive foramina are not shown. 

In-the brain-cast the olfactory lobes are very large, especially breadth, but narrow 
rapidly forward, and are not all overlapped the hemispheres. The latter, little 
which remains, are not smooth, but show rather indefinite indications sulci, which seems 
indicate difference from the brain-cast Leptochoerus, described Marsh. 


the subjoined table the dimensions are approximate only, but they suffice show 
relative proportions. 


MEASUREMENTS 
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MEASUREMENTS—Continued 


SYSTEMATIC POSITION THE LEPTOCHOERIDAE 


has been customary classify Leptochoerus among the Suidae, was originally 
done Leidy, whose example was followed Palmer (Index Gener: Mamm. 927). 
Marsh erected separate family, but did not refer this any the higher groups, super- 
families, suborders; did, however, call attention the likeness the upper molars 
Leptochoerus those the Bridger Eocene Helohyus, which had previously referred 
separate family. 1914, Sinclair, who dealt only with the Eocene bunodonts and 
did not take the Leptochoeridae into consideration, referred Helohyus the European 
family Dichobunidae, which also included nearly all the other bunodont artiodactyls 
the American middle and lower Eocene. (Bull. Amer. Mus. Nat. Hist., Vol. 
pp. 268 ff., 1914.) Hay extended this conception the Leptochoeridae, the distinctness 
which recognized, placing that family Weber’s Dichobunoidea, the form 
which changed. (Hay, P., Second Bibliog. and Cata. Foss. Vert. A., 752, 1930.) 

The disposition these very peculiar White River genera suggested Hay seems 
the best that has yet been made. The origin the family geographically yet 
obscure and uncertain; would seem, the whole, most probable that Leptochoerus and 
Stibarus were derived from such Bridger ancestors Helohyus, but the scanty and frag- 
mentary material, yet available, insufficient for any assured conclusion, and the 
failure find any trace the Leptochoeridae the Uinta may not significant, view 
the rarity these fossils and the evident incompleteness the Uinta faunal list, 
now have it. the other hand, quite possible that these genera were Old World 
origin and were among the many immigrant forms which entered North America the 
early Oligocene. Even the White River beds, they are among the rarest finds and, 
after more than eighty years since Leidy’s first description, our knowledge the group 
remains extremely incomplete. trace has been found any formation later than 
the White River. 

Family Lydekker. 


Suidae Leidy (nec Gray): Journ. Acad. Nat. Sci. Phila., Ser. Vol. VII, 174, 1869. 
Elotheriidae Alston: Zool. Record for 1876, Mamm., 18, 1878. 
Entelodontidae Lydekker: Palaeont. Indica, Ser. 10, Vol. II, 146, 1883. 


This family primarily European and not assuredly found North America 
beds older than the White River. Certain Eocene genera (Achaenodon, Parahyus) are 
usually placed distinct subfamily this group and, far teeth and skull are con- 
cerned, there much reason adopt this arrangement, but cannot regarded final, 
until the skeleton the achaenodonts shall have been brought light. For the principal 
White River genus the European terms Entelodon Aymard, and its synonym 
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Pomel, have been commonly employed, but, has been shown Peterson, Troxell and 
Leidy’s original name, Archaeotherium, should, perhaps, revived. Nearly all 
the American genera, though obviously close relations the European and Asiatic forms, 
are yet sufficiently distinct require different names. 

The American representatives the family form very homogeneous group, with 
little diversity among them except the skull and size. The entelodonts are numerous 
and much diversified the White River stage that their taxonomic arrangement 
problem great difficulty and there much difference practice among palaeontologists 
dealing with this group. The differences, however, have principally with the 
question species, concerning the genera there closer agreement. The different sub- 
stages have each their own particular forms; the Chadron and the lower Brulé the genus 
Archaeotherium the only recognizable one, and have been attributed bewildering 
number species, larger and smaller. With the probable exception single skull, 
Archaeotherium has not been found the upper Brulé (Protoceras-Leptauchenia Beds) 
where replaced three genera, all which are animals much larger than any known 
species Archaeotherium; these are Pelonax Cope, Megachoerus Troxell and Scaptohyus 
these upper Brulé genera only one can connected with any the species 
Archaeotherium and they would seem rather have been emigrants from some other region, 
whether American Asiatic. Fossils found the Gobi Desert serve connect the entelo- 
donts Europe with those western North America, but they are too fragmentary 
much taxonomic service. the other direction, representatives the Miocene New 
Jersey show that the family extended all across the continent the Atlantic coast, and thus 
completed the entire circuit the northern hemisphere. The group continued flourish 
the upper Oligocene and lower Miocene, which culminated the gigantic Dinohyus, 
the last American member the family. 


Archaeotherium Leidy 
(Plates XL, XLIT, 


Archaeotherium Leidy: Proc. Acad. Nat. Sci. Phila., 1850, 92. 

Arctodon Leidy: Ibid., Vol. 278. 

Entelodon Leidy: (nec Aymard), 392, 1853. 

Elotherium Leidy: (nec Pomel), 175, 1857. 

Rhinoceros Leidy: (nec Linn), Vol. 1852. 

Archaeotherium Peterson: Mem. Carnegie Mus. Pittsb., Vol. 47, 1909. 


Peterson’s definition is: ‘‘P4 relatively small size, with small internal tubercle; the 
crown triangular outline; P1, separated diastemata; lower molars with the an- 
terior much higher than the posterior tubercles and separated broad cross valleys. 
separated from canine and diastemata; occipital condyles proportionately small 
vertical diameter and accessory facets the foramen ovale separated from 
foramen lacerum; dependant processes the jugal and the inferior border the mandible; 
long alveolar border the premaxillary and long chin; limbs and feet proportionately long 
and slender; trapezium present; magnum and unciform articulating slightly with one 
another the dorsal border; fibula The characters here listed are specific rather 
than generic importance and the propriety reviving Leidy’s term doubtful; that name 
here retained the interests stability and uniformity. 
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The remarkable descending processes the jugal and the mandible, which give such 
grotesque appearance the Archaeotherium skull, have not been reported from any the 
European species, but they have been found connection with Mongolian species 
Entelodon from the Gobi Desert. curious difference from the American forms that 
the Asiatic animal the descending suborbital process the jugal has epiphysis the 
distal end, such has not been observed any the American species. 


DENTITION 


The dental formula unreduced: ms, which the Oligocene entelodonts 


differ from the short-jawed achaenodonts the Eocene, which there one less premolar 
and the teeth are close-set. Upper Teeth: The incisors increase dimensions from the first 
the third; they are spaced apart and are inserted nearly the same fore-and-aft line 
the premaxillary, consequence which all three are clearly visible side-view. The 
lateral incisor (i3) much the largest the series and conical and slightly recurved, 
resembling canine shape; and have spatulate, bluntly pointed crowns. This 
description applies more particularly the larger species Archaeotherium; the smaller 
mortoni these teeth are more nearly equal size and more conical shape. The two 
median incisors are separated considerable notch, and, front the canine, the 
premaxillary grooved for the reception the lower tusk. 

The canine formidable tusk, with swollen gibbous root; the crown long, heavy, 
recurved and bluntly pointed, oval cross-section and prominent posterior ridge. The 
three teeth, upper and lower canines and lateral incisor, must have formed terrible lacerat- 
ing apparatus, the effects which Sinclair has called attention. 

The four premolars are simply compressed-conical shape, but thick and massive and 
covered with heavy, wrinkled enamel; Matthew has said, they remind one the pre- 
molars the Carnivora. The first three are usually well-spaced apart, but this 
feature varies different individuals, though has often been treated species character. 
size, the premolars increase posteriorly p3, which has decidedly higher crown than 
any the others. All these teeth are implanted two roots each, except p4, which has 
three. This tooth smaller every dimension than p3, except transverse width, which 
increased the addition large internal cusp. 

The molars are relatively small, the series occupying much shorter antero-posterior 
length the jaw than the premolars; the largest and the smallest the three. 
The molar crowns are low, bunodont and quadritubercular, with intermediate conules, 
making six tubercles arranged two transverse rows three each. the four principal 
cusps, the postero-internal one decidedly larger than the antero-internal and arises from 
the cingulum, which strongly marked, especially the front and rear faces the tooth. 
The last molar, m3, has more oval, less quadrate shape than the others and the hinder half 
the crown bears numerous very small enamel tubercles. 

Lower Teeth. incisors resemble those the upper jaw, except that they are 
more equal size and somewhat more spatulate shape and are inserted slightly more 
curved line, which bends inward the anterior end. The lateral incisor (i3) but little 
enlarged and much smaller than the upper lateral (i3). 


Proc. Am. Philos. Soc., Vol. LX, 491, Figs. 
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The canine massive tusk, pointed and recurved and like the superior one shape 
and size. Examination large number skulls, belonging several genera and species 
the family, fails reveal any sexual differences regard the size the canines, even 
those individuals which, there much reason believe, pertained females. the 
tusks were used for digging and root pulling, well for fighting, they would have been 
important one sex the other. The remarkable individual Scaptohyus (Pl. XLIV, 
Fig. figured the writer! and Sinclair,? remains unique, probably because the 
only known representative its genus. this specimen the upper incisors, especially i3, 
and lower canine are notched and grooved manner that could not have been effected 
the abrasion any other teeth and were, presumably, worn pulling sand-laden roots, 
hooked over the teeth. Sinclair made this specimen the type his genus, Scaptohyus, and 
may that its habits were somewhat different from those other members the family. 

The premolars resemble those the upper jaw being simple, compressed, massive 
and bluntly pointed cones, without accessory cusps; the spacing between them differs 
much the various species. The third premolar (p3) has much the highest crown the 
premolar series and its apex may rise high above the molar level does the canine tusk 
and gives very characteristic appearance the lower dentition. has flattened pos- 
terior face, which forms incipient fossa, with number small enamel tubercles it. 

Milk Dentition. The canines and incisors the first set are smaller and especially 
more slender than those the second series. None the specimens shows definitely 
change the first premolar, but one individual the tip large premolar visible the 
centre large alveolus, from which milk-tooth has apparently been shed. This seems 
indicate that the upper jaw, least, there were four deciduous premolars. Dp2 has 
elongate, compressed-conical crown, without accessory cusps any sort; implanted 
two widely separated roots and isolated diastemata front and behind it. 
has three principal cusps; the antero-external one acutely-pointed pyramid, 
while the postero-external one lower and smaller; the third cusp postero-internal and 
there small conule between the two posterior cusps. The cingulum distinct the 
front and hind faces the tooth, obscure the buccal and absent from the lingual side. 
Dp4 molariform, but differs somewhat from the molar pattern, that the postero- 
internal cusp even more distinctly elevation the cingulum and that the posterior 
conule double. 

the lower jaw, the milk premolars are even simpler than those the upper jaw; 
dp2 and are compressed-conical, without accessory cusps, but with serrate edges and sharp- 
pointed apex, and each two roots. the usual artiodactyl form, and 
consists three transverse pairs cusps, which the middle pair the largest and the 
anterior pair the smallest. small posterior talon formed the elevation the cingu- 
lum the median line. 

SKULL 


The skull very remarkable and, first sight, strikes the observer with its reptilian, 
even crocodilian resemblance. There are considerable differences among the various 
species the conformation and proportions the skull, combined with close similarity 

Scott, History Land Mammals the Western Hemisphere, 1st Ed., 368, Fig. 194: New 


York, 1913. 
Sinclair: Proc. Amer. Philos. Soc., Vol. LX, 481, Fig. 13, 1921. 
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among them all. Description the component elements may preceded, with advantage, 
general account the aspect the skull seen from the side, top, base and ends. 
single view are all the extraordinary peculiarities displayed. 

Lateral View. The extreme length the facial region, the proportional shortness 
the cranium, the posterior position the orbit, which completely encircled bone, and 
the very long and conspicuous suborbital process the jugal, combined with the numerous 
large and conical anterior teeth, give very crocodilian aspect the head. The upper 
contour the skull sometimes straight and nearly horizontal, that the face almost 
always is; that the cranium, formed the long, high sagittal crest, sometimes antero- 
posteriorly convex and, other instances, nearly level. The lower jaw contributes 
much the grotesque appearance the skull side view; very long and shallow, with 
short, steep symphysis and abruptly truncate chin and two rough, knob-like processes 
projecting downward from the ventral border the horizontal ramus. The anterior one 
these, the mental process, given off from the antero-external angle the chin and the 
posterior one arises below p4; both pairs knobs differ much length and thickness the 
various species and also vary with sex. 

Superior View. The most obvious and outstanding feature, when the skull seen from 
above, the inordinately small size, and especially the narrowness, the brain-case, which 
has but slight postorbital constriction. This, combination with the large temporal 
openings and the very elongate and slender rostrum, gives reptilian aspect this view 
the the rostrum broadens into the wide, lozenge-shaped forehead; the 
rather small orbits have oblique position, presenting more forward than laterally. The 
zygomatic arches are immensely expanded and their effective breadth increased the 
obliquely downward course the suborbital processes from the jugals. The narrow 
cranium projects far behind the zygomatic processes the squamosals, due principally 
the wing-like prolongations the parietals, accompanied the supraoccipital, which 
emarginated the median line. 

Inferior View. The outline the skull, when seen from below, is, course, the same 
when viewed from above, though the details are entirely different. The very long and 
narrow palate has its least width front p3, widening gradually both forward and back- 
ward from that line. The posterior nares are long and narrow canal, the front border 
which line with the forward side m3. The narrowness the brain-case and the 
lack any distinct postorbital constriction are even more conspicuous than the view 
from above. The occipital condyles and the lateral wing-like extensions the supraoccip- 
ital attract the attention, also the large and conspicuous cranial foramina. 

Rear View. Especially striking when the skull seen from behind, the great breadth 
its ventral portion, made the exoccipitals and the zygomatic processes the 
squamosals, which form extensive parts the occipital surface. The dorsal borders 
these processes are very concave, first descending from the occiput proper the outer end 
the exoccipital, then rising again the external margin the zygoma, the posterior 
aspect which very characteristic. The grotesqueness the picture greatly increased 
the long suborbital projections the jugals. The extreme narrowness the brain-case 
exposes the orbits, through which one looks, when viewing the skull from behind. 

Secondary sexual characters may inferred from the finely preserved skulls which 
have been collected the Chadron beds Weld County, Colorado, and are exhibited 
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the American and Colorado Museums Natural History. that locality single 
uniform species, mortoni, has been obtained and the sexual differences would 
seem obvious. These differences affect principally the suborbital processes the 
jugals and the knobs the ventral border the mandible, all which are shorter, lighter 
and thinner the supposed females and reach their maximum old skulls which are judged 
males. skulls from the ‘‘Big Bad South Dakota there are several 
probably distinct species and much greater variety the form and size the bony 
projections. 

Taking the elements the skull more detail, may note that the occiput 
high, broad the base and narrow dorsally. The occiput the allied European species, 
Entelodon magnus, figured Kowalevsky, differs many details from that which 
characteristic the American members the family. has more hour-glass shape, 
not wide the base, more constricted the middle and more expanded dorsally, but 
with much less extended wing-like processes the supraoccipital. 

the American genus the basioccipital stout and rather short, keeled the median 
line and slightly contracted receive the auditory bullae; its junction with the basi- 
sphenoid carries pair small, rugose tubercles. The exoccipitals are very large bones, 
especially the transverse direction along the base the occiput, but narrow rapidly 
upward. Above the foramen magnum they form the broad, prominent and nearly square 
projection, which thick and filled with spongy bone, the fossa for the vermis the cere- 
bellum making but slight depression its internal side. each side the prominence 
large and deep triangular fossa, which, however, not confined the exoccipital, the 
mastoid and squamosal both being concerned its formation. The ventral portion the 
exoccipital extends widely outward, reaching the line the glenoid cavity and ending 
the large, prominent and massive, but not elongate paroccipital process. this region the 
exoccipital very close the zygoma, but, ventrally least, does not quite touch it, 
narrow strip the tympanic intervening between them. The foramen magnum strik- 
ingly small and transversely oval shape. 


The supraoccipital large bone, especially along the ventral line, which the suture 


with the exoccipitals, narrowing dorsally, where curves backward two wing-like 
processes, such are found Merycoidodon and other primitive ungulates. Between 
these wings the hinder face the bone concave. Dorsally, the supraoccipital con- 
tinued over upon the cranial roof and takes part the formation the sagittal crest. 

considerable area the mastoid exposed the surface the skull, the bottom 
the lateral occipital fossa, where enclosed between the exoccipital and the squamosal; 
there distinct mastoid process. 

The narrower than the basioccipital and not keeled, but, otherwise, 
resembles that bone. much its course concealed the meeting the palatines 
and pterygoids along the median line, that its length cannot determined and the pre- 
sphenoid nowhere exposed view. 

The tympanic very large. Part inflated into oval, somewhat flattened and 
rather small bulla, which differs from that the existing Suina being hollow, not filled 
with spongy bone. the lateral side the bulla the tympanic extended narrow 
strip which broadens considerably between the exoccipital and the squamosal, with both 
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which articulates suturally, well with the alisphenoid front. The bulla itself 
ends anteriorly blunt spine. 

The alisphenoid small and forms but little the side the cranium; broadest 
antero-posteriorly along the ventral line, but has hardly any distinct pterygoid process. 
the line the sphenoid fissure, which notches, but does not perforate the bone, the 
alisphenoid narrowed, expand again its suture with the parietal and frontal. The 
orbitosphenoid relatively rather large, but low ventrally and does not extend into 
the orbit proper. Two sharp ridges the external face the bone enclose V-shaped 
groove, which lie the optic foramen and foramen lacerum anterius. 

The parietals are very large proportion the size the cranium, but decidedly 
small relation the entire length the skull; they roof most the cerebral chamber, 
but rapidly narrow ventrally, where they form narrow bands between squamosal and 
frontal. Throughout their length, the parietals unite the high, thin and plate-like 
sagittal crest, which one the most characteristic features the skull. the European 
Entelodon magnus, this crest has remarkably straight and horizontal course, but Archaeo- 
therium convex from before backward with curvature that much more decided 
some skulls than others. Possibly, the amount arching may specific distinction, 
but more likely one the many individual variables. Large sinuses appear 
the parietals, that the brain-chamber even smaller than appears from the 
outside. These sinuses extend through the whole length the parietals and even invade 
the supraoccipital; they appear traversed numerous small trabeculae, the ends 
which are seen sagittal section embedded the matrix that fills the sinuses. 

The frontals are much larger than the parietals. the postorbital region they are 
very narrow, conformity with the small size the brain-case, but, over the orbits, they 
expand widely, form the broad, lozenge-shaped forehead, which convex from side 
side, though slightly depressed, the middle, outlining the frontal sinuses. 
The supraciliary ridges are very inconspicuous. the frontals diverge, re- 
ceive the nasals between them, sending forward long nasal processes, which, owing the 
great elongation the rostrum, are widely separated from the premaxillaries. The orbit 
large and projects prominently outward; closed behind the long and massive 
postorbital process the frontal, which unites suturally with the shorter process the 
jugal. The orbits not rise above the level the forehead, they Hippopotamus, 
and present more anteriorly, less directly outward than that genus. The before-men- 
tioned groove the orbitosphenoid, which runs forward and upward from the foramen 
lacerum anterius, continued upon the frontal, widening advances. The postero- 
superior ridge bounding this groove, which the more prominent, extends almost the 
postorbital process, from which separated distinct notch, while the antero-inferior 
ridge dies away within the orbit. The frontal sinuses are large and seem communicate 
with the parietals. 

Except posteriorly, the forms but little the cranial wall, its suture with the 
parietal curving abruptly downward and forward; its compressed and prominent hinder 
border forms nearly the whole the lambdoidal crest, though continuation the crest 
extends upward upon the supraoccipital, ending the wing-like process that bone. The 
zygomatic process enormously developed; extends out widely from the side the cra- 
nium massive vertical plate, which shaped much Hippopotamus and 
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continued forward broad, horizontal shelf, such occurs Sus. The dorsal border 
curves upward into great, hook-like process, which resembles that Merycochoerus and 
gives highly characteristic appearance this region the skull. That portion the 
zygomatic process which directed forward short and, though massive, much less 
than that which extends out laterally; front, fits into notch the jugal. The glenoid 
cavity large, transverse, and fairly deeply concave, though the postglenoid process not 
much developed and hardly more prominent than the preglenoid ridge. This arrange- 
ment unusual among the ungulates, but occurs also the Eocene genus Achaenodon 
and the existing Tayassu. The glenoid cavities the two sides are very widely separated, 
their inner margins lying outside the paroccipital processes. The post-tympanic process 
the squamosal small and closely applied the paroccipital process. The shape 
the arches, together with the extreme narrowness the brain-case, causes the 
temporal openings very large; they are narrower transversely and more extended 
antero-posteriorly than Hippopotamus, while Sus they are hardly visible from above. 

The jugal extraordinary bone and constitutes one the most characteristic 
features the Archaeotherium notched the zygomatic process 
the squamosal and extends along the ventral side that process the preglenoid ridge. 
The jugal forms the lower half the nearly circular orbit and, this account, its dorsal 
side deeply concave; anteriorly, moderately expanded upon the face front the 
orbit, where wedged between the maxillary and the lachrymal. The most peculiar 
feature the jugal the immensely developed suborbital process, vertical plate, which 
extends beneath the orbit downward and outward below the level the ventral border 
the mandible; recalls the similar, though much less massive processes found the ground- 
sloths, e.g. Megatherium. The suborbital processes differ much individual skulls size 
and shape according age and sex and, some instances, species and even genus. far 
known, these processes are unique among hoofed mammals and difficult even 
conjecture what their function may have been. They have not been observed the 
European species Entelodon, but there can little doubt their presence those species, 
for they have been found specimens from Mongolia. Very probably, the suborbital 
processes were characteristic all species the subfamily. 

The lachrymal relatively large and forms nearly half the anterior boundary the 
the facial portion expanded and articulates with the jugal below, with the maxillary 
front and the frontal above, the long anterior process which prevents contact between 
lachrymal and nasal. Hippopotamus, the very short, broad frontal has nasal process 
and, therefore, the nasal and lachrymal bones are connected, they also are Sus. The 
lachrymal but little extended within the orbit; the foramen single, very small, and 
placed inside the orbital margin; the spine very inconspicuous. 

The nasals are narrow, slender and very much elongated; their greatest width 
the anterior end the nasal processes the frontals and, this point, also their greatest 
transverse convexity, as, from here, they narrow and flatten both before and behind. 
Anteriorly, they contract very gradually and terminate sharp points, with their free 
ends deeply notched. Sus the nasals are truncated behind and, front, their free tips 
project far advance the premaxillaries. 

The are very large and heavy bones, especially the horizontal, alveolar 
portion. Posteriorly, this ramus constricted, forming groove for the reception the 
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lower canine tusk, expanding again for the support the large incisors. The palatine 
processes are narrow, the very large incisive foramina leaving but little space for them; 
the spines are long and slender and extend behind the canine alveoli. The ascending ramus 
the premaxillary low and rises gradually behind and, though broad first, rapidly 
becomes very slender, extending back between maxillary and nasal and terminating 
fine point. 

The mazillary low dorso-ventrally and great antero-posterior length, correla- 
tion with the great elongation the whole rostrum. The facial portion the bone low, 
gradually diminishing forward, where its suture with the premaxilla forms gentle, sweep- 
ing curve. The longest suture the maxillary that with the nasal; that with the frontal 
very short, because the intervention the lachrymal. Posteriorly, projects but 
little beneath the orbit, which has imperfectly developed lower floor, and the projection 
which sends out the jugal slender. The rostrum narrows gradually forward the 
infra-orbital foramen, front which again broadens and swells out into the prominent 
sheath for the canine. The palatine processes the maxillary are very elongate and 
narrow and, the tooth-rows form almost straight and parallel lines, the long palate 
nearly uniform width, slightly concave transversely, but approximately plane antero- 
posteriorly. front, these palatine processes are deeply emarginated the incisive 
foramina and, the median line are still more deeply notched the premaxillary spines. 

The palatines make very little the hard palate, for they extend but short dis- 
tance front the posterior nares and form narrow strips along the sides that opening; 
the palatal notches are very narrow and shallow. The pterygoids are long and low and have 
hamular processes pterygoid fossae; the two bones meet suture along the median 
dorsal line, completely concealing the presphenoid from view. The posterior nares are long, 
narrow and low, extending forward the middle m2; the opening gradually contracts 
posteriorly, becoming very narrow, while the side-walls slope upward and die away upon 
the alisphenoids. Anteriorly, the canal divided the very large vomer, which plainly 
visible and which, its hinder end, expands into transverse plate that articulates with the 
palatines. The meeting the two pterygoids forms narrow channel, which appears 
overlie the whole length the posterior nares and open forward into the nasal chamber 
each side the vomer. The function this exceptional arrangement obscure. 

The cranial foramina are peculiar certain respects. The condylar foramen large 
and and placed well front the condyle, but smaller than Kowalev- 
sky’s figure Entelodon. The close approximation the paroccipital and mastoid 
esses and the outward extension the tympanic between them, have given unusual 
position the postglenoid and stylomastoid foramina; they are crowded close together 
near the postero-internal angle the bulla and both them perforate the enlarged tym- 
panic bone. The foramen lacerum posterius long, narrow, curved slit the postero- 
internal angle, while the foramen lacerum medium and the eustachian canal are their 
usual place the front end the bulla. distinct carotid canal visible externally. 
The foramen ovale long, conspicuous opening, oval shape, which perforates the 
alisphenoid. most ungulates, there separate foramen rotundum, that opening 
part the sphenoid fissure, which large and irregular and notches the anterior border 
the alisphenoid and passes between that bone and the orbitosphenoid. The optic foramen 
small and forms such remarkably elongated canal the European Entelodon; is, 
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however, such simple perforation usual hoofed animals, but tube, the formation 
which probably correlated with the very small size the brain, which seems 
have undergone relative reduction and not have kept pace with the growth the 
skull and the body-weight. The posterior palatine foramina are large and conspicuous 
openings the maxillo-palatine suture, separating the two bones these points. The 
palatine processes the maxillaries are deeply grooved channels which lead forward 
from the foramina. The incisive foramina are also large, invading the palatine plates 
the maxillaries. The large infra-orbital foramen far forward and opens above the an- 
terior border and continued forward for short distance deep groove; the canal 
itself very long, correspondence with the great prolongation the rostrum, and its 
posterior opening, within the orbit, very large. The lachrymal foramen small and 
opens inside the orbit. The supra-orbital foramina differ the various species; 
marshi, from the Chadron, these openings are relatively large and are placed near the median 
line, while well-defined vascular channels lead forward from them. mortoni, from the 
lower Brulé and the very large Megachoerus from the upper Brulé, the foramina are very 
small, are farther from the median line and have grooves leading from them. 

The mandible not the least curious part this extraordinary skull. The horizontal 
ramus extremely long and nearly straight and has almost horizontal ventral border. 
The depth and thickness the ramus vary considerably and, even skulls the same 
length, the lower jaw decidedly more slender some individuals than others. This 
probably sexual difference. very curious, knob-like process given off from the 
ventral border beneath and varies greatly size and prominence accordance with the 
age and sex the individual. young jaws which still retain the milk-teeth, the process 
mere rugose elevation and females, especially the smaller mortoni, hardly 
more than knob. the males the process greatly elongated and club-shaped and 
evidently increased with age. second club-shaped process arises from the ventral border 
beneath the canine alveolus. These mental processes are much larger and more prominent 
than the posterior pair and are subject similar variation with age and sex. They reach 
the maximum development the very large Pelonaz, the upper Brulé. These two 
pairs knobs give the skull highly peculiar and characteristic appearance; not 
known whether they also occur Entelodon, the mandibles, far collected, are too 
fragmentary yield the information required. 

The mandibular symphysis long and massive; the two rami are indistinguishably 
fused together, very young individuals, and are laterally expanded, somewhat 
resembling the symphysis Hippopotamus, but not attaining any such extreme degree 
massiveness. The chin abruptly truncated and flattened and rises very steeply from the 
ventral border. The two rami are straight and nearly parallel, far the two tooth-rows 
extend, but behind the last molars, they turn outward and diverge rapidly, becoming widely 
separated posteriorly, correspondence with the great interval between the glenoid cavities 
the two squamosals. The angle prominent and descends below the level the ventral 
border the horizontal ramus. The ascending ramus rather low, but considerable 
antero-posterior breadth. The masseteric fossa small, but deeply impressed and placed 
high the side the jaw. The condyle raised but little above the level the teeth 
and sessile and therefore inconspicuous, though large, transversely extended and 
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strongly convex. The coronoid process strikingly low and small; triangular shape, 
erect and not all recurved and separated from the condyle very wide sigmoid 
notch. The mental foramen small and single and opens below 

Several the hyoid elements are preserved association with skeleton scotti 
the Princeton museum. The stylohyal long and slender; its proximal portion laterally 
compressed and very thin, though moderately expanded antero-posteriorly. For the distal 
two-thirds its length, the bone broader and compressed-oval section, expanding into 
club-shaped thickening the distal end, which excavated for the connecting cartilage. 
The ceratohyal considerably shorter than the stylohyal and without the proximal an- 
tero-posterior expansion; the proximal end cup-shaped thickening, below which 
becomes much compressed and slender, but thicker antero-posteriorly; the distal portion 
very slender, but bears another cup-shaped expansion. The epihyal and basihyal have 
been lost. The thyrohyal remarkable length and slenderness and, obviously, was not 
co-ossified with the basihyal; the bone shape. 

This hyoid apparatus unlike that any known artiodactyl; the elements the 
anterior arch somewhat resemble those Hippopotamus, but are more slender and elongate; 
the other hand, the thyrohyals are very short the existing genus and are ankylosed 
with the basihyal, arrangement which very different from that seen Archaeotherium. 

From the foregoing description and the drawings, clear that the skull Archaeo- 
therium extremely peculiar one. Among recent animals, that Hippopotamus 
least unlike and displays, with all the obvious differences, certain decided resemblances, 
which may, perhaps, taxonomic significance. Some these resemblances, such 
the straight cranio-facial axis and the long sagittal crest, are particular importance, 
because they are generally found among the primitive ungulates all groups. Other 
similarities are those specialization; the proportions cranial and facial regions, the 
degree backward shifting the orbits, the relations the zygomatic and paroccipital 
processes, the broadening the muzzle and the general plan skull-construction, are 
similar the two genera. Then, again, each genus has certain peculiarities which were, 
doubt, correlated with its habits life. Thus, the elevation the orbits that they 
project above the plane the forehead, and the backward displacement the posterior 
nares Hippopotamus are adaptations its aquatic habits. The extraordinary charac- 
teristics the Archaeotherium skull, such the great suborbital process the jugal and the 
knobs the mandible are, very probably, similar nature, though, the absence 
the soft parts, difficult even conjecture what the use these bony outgrowths may 
have been. There not the slightest reason suppose that the archaeotheres were 
amphibious habits. 


BRAIN 


Attention has been called repeatedly the remarkably small size the brain-cavity, 
which was first pointed out Professor Marsh more than fifty years ago. ex- 
ternal view, the smallness the brain-case most striking and, connection with the 
immense temporal openings and the long, narrow rostrum and the simply conical anterior 
teeth, gives decidedly crocodilian aspect the skull. When longitudinal section 
the cranium made, seen that the brain-cavity even smaller than would appear from 
the external view alone, because the great frontal and parietal sinuses which overlie the 
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whole cerebral chamber. the huge skull Megachoerus the brain-cavity would hardly 
contain one’s fist. 

The olfactory lobes are very large and are exposed for their whole length, for the hemi- 
spheres not overlap them; they are connected with the cerebrum short, thick olfactory 
tracts. 

The cerebral hemispheres are small, even proportionally, and short that they not 
extend over cerebellum olfactory lobes. The frontal lobe very small, for the frontal 
bones take but little share roofing the cerebral chamber. The parietal lobe relatively 
large and forms the greater part the hemisphere, since there is, properly speaking, 
occipital lobe, for the occipital bones have share the formation the cerebral chamber. 
The temporo-sphenoidal lobe large vertically, but short antero-posteriorly. The brain- 
cast shows that the hemispheres were convoluted, but the convolutions are faintly 
marked, that they are hardly worth description, further than say that the gyri were 
fewer and simpler than any the modern ungulates. 

The cerebellum rather small, though the dorso-ventral diameter the cerebellar 
fossa not much less than that the cerebral chamber. The cerebellum short and 
transversely narrow and its breadth further reduced the large size the periotic 
bones which project into the fossa. 


VERTEBRAL COLUMN 
The vertebral formula is: C7, D13, L6, 82, Cd.15+. 


The atlas very wide transversely and, the same time, has considerable antero- 
posterior length, shape which rather more like the atlas than that 
Recent suillines ruminants. The anterior cotyles are deep and wide, but low and de- 
pressed. these cotyles are widely separated broad, but not very deep 
emargination the neural arch, nor they approximate each other very closely the 
ventral side, notch considerable width intervening between them this point. The 
neural arch thick and heavy, but short from before backward and quite narrow trans- 
versely; also low, not arching strongly toward the dorsal side, and nearly smooth, 
being free fram any but the most obscurely marked ridges. The foramina perforating the 
arch for the first pair spinal nerves are unusually large. The neural spine vestigial 
and forms only inconspicuous tubercle. The neural canal low and broad, forming 
transversely directed ellipse. The inferior arch considerably more elongated antero- 
posteriorly than the neural, and has but little transverse curvature, except laterally, where 
rises form the sides the neural canal. The hypapophysis represented 
small, backwardly directed tubercle, which arises from the hinder margin the ventral 
arch, and occupies the same position the pigs, but much less strongly developed. 
The articular surfaces for the axis are low and broad, and have very oblique position, 
presenting inward toward the median line, almost much backward; they have also 
slight dorsal presentation. shape, they are very slightly concave and are surrounded 
prominent borders. The facet for the odontoid wide, and deeply concave the trans- 
verse direction, but quite short antero-posteriorly. This facet connected the sides 
with those for the centrum the axis, but distinct ridges are formed along the line 
junction. XLII, Figs. 
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The transverse processes the atlas extend out widely from the sides the arch, 
attaining their greatest transverse breadth along the posterior line; they are also very long 
the fore-and-aft direction, reaching far behind the surfaces for the axis. For most 
their course these processes have thin borders, but posteriorly the margin becomes much 
thicker and more rugose. The vertebrarterial canal, which notably small, occupies much 
the same position Sus, opening posteriorly upon the dorsal side the hinder border. 
The anterior extension the transverse processes has converted into foramina (atlanteo- 
diapophysial) the notches for the inferior branches the first pair spinal nerves. 
the ventral face each process large fossa, enclosed between the side the inferior 
arch and the greatly thickened posterior border the process. The resemblance shape 
the atlas Anoplotherium, which attention has already been called, affects more 
particularly the form the transverse processes, but they are more extended transversely 
than that genus and are not pointed the postero-external angles. 

The short, but very massively constructed bone, which general shape and 
appearance resembles that Hippopotamus. The centrum short, anteriorly very broad 
and depressed, but thickening posteriorly, and with nearly circular and slightly concave 
hinder face. strong and prominent keel runs along the ventral face the centrum, en- 
larging backward, and terminating behind trifid hypapophysis. The odontoid process 
short, heavy and conical, with tendency whatever assume the depressed and 
flattened shape which occurs many White River ungulates. The ventral articular 
surface the odontoid seems like something superadded the process itself, for 
clearly demarcated groove running all around it, and projects slightly front the 
body the process. the dorsal side the centrum broad and well-defined ridge runs 
backward from the odontoid along the floor the neural canal. The articular surfaces for 
the atlas are broad and low and are very oblique with reference the median line the 
centrum, with which they form angles about 45°. These surfaces are slightly convex 
both directions, and ventrally they project below the level the centrum. XLII, 
Figs. 

The transverse processes are short, thin and compressed, much less massive and widely 
extended than Hippopotamus; they are perforated very large foramina for the verte- 
bral arteries. The pedicles the neural arch are low and short, but very heavy; they are 
not pierced for the passage the second pair spinal nerves, they are Hippopotamus 
and some the pigs. The neural canal decidedly small, especially its anterior 
opening; behind, enlarges somewhat, particularly the dorso-ventral dimension, the 
posterior opening being high and narrow, while Hippopotamus high and broad. The 
neural spine large plate which very thin front, but becomes thick and massive 
behind, ending broad rugosity. This spine resembles that Hippopotamus, but not 
produced far backward and does not overhang the third cervical. The postzygapophyses 
are large, slightly concave and present obliquely outward, well downward; their bases 
are separated broad and deep groove, which continued upward upon the posterior 
side the neural spine. 

The third cervical vertebra also bears considerable resemblance that Hippo- 
potamus, differing only some points detail. The centrum short, heavy and moder- 
ately opisthocoelus, depressed, but increasing posteriorly vertical thickness. bears 
strong ventral keel, which terminates behind, the axis, trifid hypapophysis. The 
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pedicles the neural arch are not, the pigs, pierced foramina for the spinal nerves; 
they are low and short, but very thick, and the neural canal strikingly small. The dorsal 
side the arch short, broad and nearly flat. The neural spine remarkably well- 
developed (when the anterior position the vertebra taken into account), rising high 
that the axis. rather thin and compressed, although its base occupies the whole 
fore-and-aft length the arch. From the base, however, rapidly tapers upward and 
terminates small, rough tubercle. Hippopotamus the third cervical has even 
better developed neural spine, not higher, but broader and less tapering than Archaeo- 
therium. The prezygapophyses are large, oblique and somewhat convex; they are placed 
very low, that their inferior margins are separated from the centrum only narrow 
notches. The posterior zygapophyses are much larger and more prominent than the 
anterior pair; they are also less oblique position and are raised higher above the centrum, 
corresponding the posterior elevation the neural arch. The transverse process 
compressed plate, which has great vertical height, but well extended from before 
backward, exceeding the centrum length; the posterior portion the process thickened 
and recurved, ending rugose hook. The absence any distinctly marked diapophysial 
element distinguishes this vertebra from the corresponding one Hippopotamus and Sus, 
and the latter genus the inferior lamella more slender and rod-like, while the spinal 
nerves make their exit through foramina the pedicles the neural arch. 

The fourth cervical vertebra different, many respects, from the third. The centrum 
somewhat shorter and less distinctly carinate the ventral side, but more decidedly 
opisthocoelus. The neural arch remarkably short the antero-posterior dimension, 
that the articular faces the postzygapophyses actually extend forward beneath those 
the anterior pair, which gives the pedicle the neural arch, when seen from the side, 
curiously notched appearance. The neural spine higher, but more slender and recurved 
than that the third cervical. The transverse process altogether different shape from 
that the latter. has, the first place, very prominent diapophysial element, which 
projects outward heavy, depressed bar, thickened, rugose and slightly 
the distal the second place, the inferior lamella much higher vertically, but 
decidedly shorter from before backward. Hippopotamus and Sus this vertebra very 
similar that Archaeotherium, but the neural spine notably heavier. 

The fifth cervical vertebra has even shorter neural arch than the fourth and much 
higher neural spine. The spine tapers rapidly from the base upward and becomes very 
slender, but nearly straight and only slightly The neural canal somewhat 
larger than the fourth vertebra, but, all the cervicals, strikingly small com- 
pared with the size the vertebra whole. The diapophysis strong and prominent, 
but more slender than the preceding vertebra, while the inferior lamella, though rela- 
tively short from before backward, has attained great vertical height and strongly everted. 
Archaeotherium the fifth vertebra the same type the sixth, whereas Hippo- 
potamus more nearly resembles the fourth. 

The cervical very like the fifth, but displays certain obvious differences. Thus, 
the neural arch even shorter antero-posteriorly, and the neural spine higher, heavier 
and much more strongly recurved. The postzygapophyses are decidedly smaller and are 
very characteristic their markedly oblique position, for they rise steeply backward 
way that occurs none the other vertebrae. The diapophysis shorter but heavier 
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than that the fifth, while the inferior lamella similar shape, but larger, higher, and 
with the free margin more thickened. Hippopotamus this vertebra has much the same 
construction Archaeotherium, but the spine shorter and more massive and the in- 
ferior lamella much larger. Sus the sixth cervical bears considerable resemblance 
that the White River genus. 

The seventh cervical characterized the height and thickness the spine, which 
these respects much exceeds that the sixth. This spine tapers superiorly, but expands 
again the tip into rough tubercle. The posterior zygapophyses stand higher level 
than the anterior pair and are unusually concave. The peculiarities seen the post- 
zygapophyses the sixth and seventh vertebrae are provide for the curvature the 
neck, which changes its direction this point. From the occiput the sixth cervical the 
neck nearly straight and inclines downward and backward, while the seventh vertebra 
begins the rise which culminates the anterior region. This change direction 
requires greater freedom motion, which supplied the modification the zygapophy- 
ses upon the vertebrae mentioned. The transverse process is, usual, not perforated 
the vertebrarterial canal; rather short, but heavy and much expanded the distal 
end. the posterior face the centrum are large facets for the heads the first pair 
ribs. Hippopotamus the neural spine the seventh cervical relatively much longer 
and heavier than Archaeotherium Sus. 

whole, the neck Archaeotherium short and massive, with very strongly de- 
veloped processes for muscular and ligamentous attachments, are indeed necessitated 
the immense weight and length the head. Among recent artiodactyls Hippopotamus 
has cervical vertebrae most like those Archaeotherium, though there are many differences 
the details construction. The most apparent these differences lies the greater 
and more uniform height and thickness the neural spines the modern genus. Doubtless 
the even more exaggerated massiveness the skull the latter the occasion this 
increased development the cervical spines. Sus the perforation the neural arches 
for the passage the spinal nerves constitutes important difference from 

The dorsal vertebrae number thirteen. 

The first dorsal has rather small centrum, with decidedly convex anterior and nearly 
flat posterior face; the facets for the rib-heads are very large and deeply concave. The trans- 
verse process rather short, but very large, heavy and rugose, and bears unusually large 
concave facet for the tubercle the first rib. The prezygapophyses are the cervical 
type, but present more obliquely inward than the vertebrae the neck, while the 
postzygapophyses are, the other thoracics, placed upon the ventral side the neural 
arch. The neural canal high and narrow and its anterior opening has assumed cordate 
outline. The neural spine inclined strongly backward, much more than that the 
seventh cervical, and though laterally compressed extremely high, broad and massive, 
greatly exceeding all its dimensions that the last neck vertebra. 

The anterior six dorsal vertebrae are very much alike appearance. first three 
have broader and more depressed centra, which the others become deeper vertically and 
more trihedral section. The transverse processes are very large and prominent and 
carry large, deeply concave facets for the rib tubercles. The neural spines are very high, 
thick and heavy, and are strongly inclined backward, with club-shaped thickenings the 
tips. the seventh dorsal begins rapid reduction the length and weight the spines, 
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process which reaches its culmination the eleventh vertebra, which has remarkably 
short, weak and slender spine. This arrangement results great hump the shoulders, 
somewhat Brontotherium, though less exaggerated form. both genera, the 
length the anterior dorsal spines should correlated with the great elongation and weight 
the skull, which requires immense muscular strength the neck and shoulders. Hippo- 
potamus has such hump, but this probably explained its largely aquatic habits. 

change the character the facets for the rib tubercles occurs simultaneously with 
the shortening the neural spines; they suddenly become much reduced size and are 
plane instead concave. The transverse processes, however, remain very large and 
prominent far back the eleventh dorsal. are these processes perforated 
vertical canals, such occur Sus. The twelfth dorsal the anticlinal vertebra and has 
nearly erect spine lumbar type, though somewhat more slender than the true lumbars. 
the thirteenth the spine quite like that the lumbars and inclines slightly forward. 
Transverse processes are absent from the last two dorsal vertebrae, which display the 
feature, very unusual ungulate, large and conspicuous anapophyses. 

far back the eleventh vertebra the zygapophyses are the ordinary thoracic 
type; they are small, oval facets, the anterior pair the front the neural arch and pre- 
senting upward, the posterior pair the hinder part the arch and presenting downward. 
the eleventh thoracic change takes place; the anterior zygapophyses are before, but 
the posterior processes are flat and present obliquely outward, rather than downward, the 
two together forming prominent, wedge-shaped mass. The prezygapophyses the 
twelfth vertebra are correspondingly modified; they present obliquely inward and together 
constitute cavity which receives the wedge-like projection from the eleventh. Prominent 
metapophyses also make their appearance the twelfth dorsal. The posterior zygapophy- 
ses the latter and both pairs the thirteenth are the cylindrical, interlocking type 
characteristic the lumbars. These processes are remarkably complex and fashion 
that does not occur Hippopotamus, but found Sus and many the Pecora, also 
the South American astrapotheres. The complexity occasioned the development 
large episphenial processes, which give additional articular surface above the zyga- 
pophyses proper; section these processes have S-like outline, and they constitute 
joint great strength. 

The lumbar vertebrae are six number and have rather short, but massive centra. 
the anterior part the region the centra are somewhat cylindrical shape, but they be- 
come more and more depressed and flattened approach the sacrum. The neural canal 
broad and very low, especially the posterior part the region. The neural spines are 
inclined forward and are moderate height; they are broad antero-posteriorly, but thin 
and laterally compressed, except the tips, where they are thickened. The spine the 
last lumbar little different from the others being more erect and slender. Episphenial 
processes are present the first, second and sixth vertebrae, but not the third, fourth 
fifth. These processes are apt somewhat asymmetrical and better developed one 
side than the other, and probable that more extensive material would show them 
subject much individual variation. Metapophyses are prominent only the first 
and second lumbars, vestigial the third and absent from the others. The transverse 
processes are very feebly developed proportion the size the vertebrae. the first 
lumbar they are short and straight, and gradually increase length the fifth, but 
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all they are strikingly thin and slender. The last lumbar has transverse processes 
unusual length, space for them being obtained the sudden eversion the anterior ends 
the ilia, but even here they are weak. XLII, Fig. 3.) 

The trunk-vertebrae Hippopotamus are much more massively constructed than 
those Archaeotherium, the decrease length the thoracic spines posteriorly more 
gradual, while the neural spines and transverse processes the lumbars are much longer 
and every way heavier. The dorso-lumbar series Sus bears considerable resemblance 
that Archaeotherium, but the former the transverse processes the dorsal vertebrae 
are perforated vertical canals, and those the lumbars are much longer and stouter. 

The sacrum consists two vertebrae only. The first has broad, depressed centrum 
and very large pleurapophyses, which carry most the weight the ilia, though the 
second sacral has also limited contact with the pelvis. the first vertebra the prezyga- 
pophyses are very well-developed and have large episphenial processes receive those 
the last lumbar. The two neural spines are into high but short ridge. The 
second sacral has very much shorter and especially narrower centrum than the first, 
and retains moderately complete postzygapophyses. 

Hippopotamus and Sus the sacrum relatively much larger than Archaeo- 
therium, and consists least four vertebrae, sometimes even many six. Even 
aged individuals the White River genus not more than two vertebrae the sacrum 
have been observed. 

The caudal vertebrae, which fifteen are preserved association with one individual, 
indicate tail only moderate length, and present number peculiarities. The first 
caudal has somewhat the appearance miniature lumbar; its centrum short, broad 
and depressed, with quite strongly convex faces; the neural canal relatively large and 
distinct, though small, neural spine present. The zygapophyses, especially the anterior 
pair, are large and prominent and project much front and behind the centrum. The 
transverse processes are quite long and heavy, and are directed outward and backward. 
pair tubercles the ventral side the centrum represent rudimentary haemapo- 
physes. 

The succeeding caudal vertebrae resemble the first general way, but passing 
backward, the centra become more and more slender and elongate, while the neural canal 
diminishes size, and the various processes are reduced. The haemapophyses, the 
other hand, increase size and the (?) fifth vertebra they curve toward each other, 
almost meeting and enclosing canal, which continues far back the (?) eighth vertebra, 
behind which the haemapophyses are again reduced. The middle portion the tail 
composed very long, cylindrical vertebrae, which shape strikingly resemble those 
the great cats, and which are proportionately much longer, though apparently less numerous 
than those the anterior end each vertebra are six prominent, 
nodular processes, the zygapophyses, transverse processes and haemapophyses respectively. 
Posteriorly the centra become more and more slender, but are not much diminished 
length, for what appears the penultimate vertebra nearly long those the 
middle region. The various processes are, however, reduced very insignificant propor- 
tions. The last vertebra has its anterior portion shaped like that its predecessor, but 
rapidly tapers behind smooth, slender, compressed and subcylindrical rod, with 
club-shaped thickening the end. 
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Among existing artiodactyls, the Giraffe which most resembles the White River 
genus the peculiar character its caudal vertebrae. 


AND STERNUM 


The ribs Archaeotherium are decidedly smaller and lighter and indicate less capa- 
cious thorax than should expect find such large animal, fact which adds the 
apparent height the skeleton, because the long interval between the thorax and the 
ground. 

The first rib short, subcylindrical proximally, but broadening considerably the 
distal end; has only slight lateral curvature, appearing nearly straight when viewed 
from the front, but arches moderately backward. The head large and compressed, 
and separated deep and narrow notch from the very large and conspicuous tubercle, 
which also compressed laterally. The ribs increase gradually length the seventh 
eighth the series, and the posterior five, though successively shortening, retain 
considerable relative length throughout. The first five six ribs are laterally compressed 
and moderate breadth, but the posterior part the thorax composed very slender 
and subcylindrical ribs, very different from those which find most ungulates, except 
the most primitive groups. The tubercle reaches its maximum size and prominence 
the third rib, behind which gradually diminishes size and becomes more and more 
widely separated from the head, and more sessile position. the twelfth and thirteenth 
pairs the tubercles are absent, corresponding the lack transverse processes the 
twelfth and thirteenth dorsal vertebrae. 

The sternum Archaeotherium very remarkable structure, and although 
suilline type, is, nevertheless, not altogether like the sternum any known 
genus, recent fossil. The presternum, manubrium, forms very large, thin, com- 
pressed and keel-shaped plate, which especially remarkable for its great vertical depth, 
this dimension exceeding the antero-posterior length, and proportionately much greater 
than Hippopotamus the modern suillines. The body this segment extremely 
thin, but the anterior border, and some extent the ventral border also, thickened and 
rugose. The facets for the first pair sternal ribs form prominences, which are situated 
near together and close the postero-superior angles the segment, that nearly the 
entire length the latter projects front the first pair ribs. (Pl. XLII, Fig. 4.) 

the mesosternum, the first segment somewhat resembles the presternum shape, 
being short, narrow and very deep; the dorsal border much thicker and wider than any 
other part the segment, and the ventral border also thickened, though less marked 
degree. Posteriorly, this element becomes somewhat wider and shallower. The second 
segment the mesosternum decidedly broader and shallower than the first, but still 
retains unusual degree vertical depth. Both the dorsal and ventral surfaces are 
much broadened, while the body the bone thin, vertical plate, which connects the 
horizontally directed ventral and dorsal borders, giving cross-section somewhat like that 
I-beam. the third segment these progressive changes are carried still farther, 
and the bone becomes very distinctly broader and lower than the second segment. The 
dorsal and ventral borders still project much beyond the vertical connecting plate. This 
plate, however, much thicker transversely than the preceding segment. The ventral 
surface rendered quite strongly concave the elevation its lateral borders. The 
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fourth and fifth segments exhibit similar changes, each one being broader and lower than 
the one front it; the vertical plate becomes very much thicker and the ventral groove 
more widely open. Even animal past maturity, the last three segments distinctly 
show the median suture, along which their lateral halves united. 


PECTORAL GIRDLE AND LIMB 


The fore limb Archaeotherium quite elongate and, connection with the shallow 
thorax, and very long neural spines the anterior dorsal vertebrae, gives the skeleton 
somewhat stilted appearance. 

The scapula remarkably high, narrow and slender, least the White River 
species, while the John Day forms there reason believe that its proportions are 
quite different. The glenoid cavity forms narrow, elongate oval, with its long axis directed 
antero-posteriorly, and not very deeply concave. The coracoid large, but not very 
conspicuous rugosity, which sends off from its inner side compressed, hook-like process; 
when the shoulder-blade seen from the external side, this process concealed from view. 
The neck the scapula broad and rather thick, and there distinct coraco-scapular 
notch. The coracoid border its upward course inclines forward but little, and for the 
upper one-third its height curves gently backward, join the supra-scapular border, 
which exceedingly short. The glenoid border more oblique, and inclines backward 
and upward moderate angle. The spine shifted far forward, dividing the blade 
very unequally, that the prespinous fossa very much smaller than the postspinous. 
Indeed, the distal one-third the shoulder-blade can hardly said have any prespinous 
fossa all. The spine itself rather low, and for much its course its free border 
curved backward and thickened form massive metacromion. The acromion very 
short and inconspicuous, ending well above the level the glenoid cavity. XLII, 
Fig. 5.) 

The humerus relatively long, but massively constructed bone. XLII, Figs. 
6a.) The head large and very strongly convex, especially from above downward, al- 
though not set upon very distinct neck, nor does project far behind the plane the 
shaft. The external tuberosity very large, forming massive and roughened ridge, which 
runs across the whole anterior face the head and rises toward the internal side, where 
terminates high, thick and recurved hook, overhanging the bicipital groove. The 
internal tuberosity very much smaller, but is, nevertheless, quite prominent; likewise 
projects over the bicipital groove, which very broad and deeply incised into the bone. 
The great transverse breadth the external tuberosity displaces the groove far toward 
the internal side the humerus. The shaft long and heavy; its proximal portion has 
great antero-posterior diameter, and its transverse thickness, though less, still very 
considerable. The fore-and-aft diameter gradually diminishes downward, until the shaft 
assumes almost cylindrical shape, below which point begins expand transversely. 
The deltoid ridge rugose and prominent, and runs far down upon the shaft, but forms 
deltoid hook. The distal end the shaft very heavy, being both broad and thick. 
The supratrochlear fossa low, wide and shallow, while the anconeal fossa very high, 
narrow and deep, its depth being much increased the great production the posterior 
angles the distal end. The supinator ridge rough, heavy and prominent. The 
trochlea, which very completely modernized, correspondence with the advanced 
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differentiation the ulna and radius, somewhat obliquely placed with reference the 
long axis the shaft, descending toward the ulnar side. The trochlea differs very markedly 
from that such primitive artiodactyls Merycoidodon and Anoplotherium; high, 
full and rounded, and divided into two unequal radial facets, which the inner one 
decidedly the larger. The intercondylar ridge, which, most primitive artiodactyls, 
forms broad and rounded protuberance, compressed into sharp and prominent ridge, 
and shifted well toward the external side. The internal epicondyle, which largely 
developed Merycoidodon and other earlier artiodactyls, has practically disappeared. 

The radius and ulna are firmly all the known species Archaeotherium, 
though the suture between them clearly marked, even old animals. The radius 
relatively very long, but rather slender; the head quite thick, but only moderate 
breadth, projecting most toward the external side. The humeral surface composed 
three connected facets, which the internal one much the largest and bears elevated 
ridge for the corresponding depression the humeral trochlea. The groove for the inter- 
condylar ridge the latter broad and notches the anterior border the radius. The 
shaft rather narrow transversely, but thick and heavy, and arches forward but moder- 
ately; the distal portion broadened and thickened and bears upon its dorsal face deep 
tendinal bounded very prominent ridges. The distal face broad, but without 
much dorso-palmar extension, and carries two well-distinguished carpal facets, which 
pursue oblique course, from before backward and inward. The scaphoidal facet, 
which the smaller the two, front, saddle-shaped behind, and reflected 
upon the posterior face the bone. The facet for the lunar much larger than that 
for the and has somewhat similar shape, but the anterior concavity not 
deep, and the articular surface carried much farther upon the palmar side the 
radius. The radius has contact with the pyramidal. XLII, Figs. 7a.) 

The ulna has very long, thick and prominent olecranon, which projects far behind 
the plane the shaft. The process convex the outer side and concave the inner, 
thickened and club-shaped the free end, which displays broad, shallow sulcus for the 
extensor tendons. The sigmoid notch deep and the coronoid process prominent, 
required the great depth the anconeal fossa the humerus. The articulation 
the ulna with the latter confined the posterior and superior aspects the humeral 
trochlea, part the articular surface ulna presenting proximally, for the radius 
occupies the entire distal aspect the humerus. Only the proximal portion the facet 
for the humerus extends across the entire breadth the ulna; for the rest its course 
this facet confined the inner side. The shaft the ulna somewhat reduced, but 
not interrupted any point and, indeed, quite stout for its entire length; its principal 
diameter the transverse, the antero-posterior thickness being decidedly diminished. 
Below the head narrows and then expands its maximum breadth, from which point 
narrows gradually the distal end. its external side the shaft deeply channeled. 
The distal end small and bears saddle-shaped facet for the pyramidal, which concave 
transversely and convex the dorso-palmar direction; its external border compressed 
and extends sharp edge behind the body the bone, forming concavity the palmar 
face. The pisiform facet continuous with that for the pyramidal. The ulna extends 
distally below the level the radius and thus arises the very exceptional condition 
articulation between the ulna and the lunar. The facet for this carpal element small 
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and entirely confined the radial side the ulna, the distal end the latter not ex- 
tending all upon the proximal face the lunar. most artiodactyls which the 
functional digits have been reduced two, the radius tends encroach more less 
extensively upon the proximal face the pyramidal, for which extension the diminution 
the ulna makes way. Archaeotherium the arrangement different, the ulna occupy- 
ing the entire proximal surface the pyramidal, and extending below the level the 
radius securing lateral contact with the lunar. Indeed, this arrangement quite precludes 
the attainment the more usual radial-pyramidal articulation. 


Manus 

The principal facts the structure the fore foot have already been determined 
Kowalevsky, but the material now command permits more complete account 
given. Certain differences also which obtain between the European and American repre- 
sentatives the group should not passed over without mention. Figs. 1a.) 

The carpus curious one many ways, and while modified suit the didactyl 
condition the foot, the reduction the lateral and enlargement the median ele- 
ments, has yet retained many its primitive characteristics. 

The scaphoid high and thick the dorso-palmar direction, but very narrow trans- 
versely. The dorsal and internal radial) surfaces the bone are very rugose, and 
the palmar border, which the narrowest part the scaphoid, blunt and massive 
process. The articular surface for the radius unusual shape. 
divided into two parts, antero-external and postero-internal; the latter much the 
larger and saddle-shaped, convex transversely and concave the dorso-palmar direction, 
while the former convex and descends steeply toward the ulnar side. These two parts 
the articular surface are continuous, but they meet nearly right angle, and their 
junction forms ridge, which the highest point the the ulnar side are 
three facets for the lunar; the largest one proximal and dorsal, and continuous with 
the surface for the radius, which meets almost right angle; this facet very oblique 
and presents distally well laterally, the scaphoid here forming projection which 
extends over the lunar. The second lunar facet dorsal and distal position; small, 
nearly plane, and not very distinctly separated from the facet for the magnum. The third 
lunar facet distal and palmar, and placed upon the ulnar side the mammillary process 
already mentioned; oval shape and nearly flat. The contact between the scaphoid 
and the lunar confined these three points, and the facets both bones are more 
less prominent, they are elsewhere separated considerable interspaces. The distal 
side the scaphoid much narrower than the proximal and occupied facets for the 
trapezoid and magnum; articular surface for the trapezium present. The trapezoidal 
facet considerably the smaller the two, and simply concave. The magnum facet 
two parts, very slightly concave distal portion, and somewhat smaller lateral 
portion the ulnar face the scaphoid. 

the European species figured Kowalevsky the scaphoid somewhat broader 
than-in the American forms. both groups remarkable resemblance the scaphoid 
Anthracotherium observable, which extends even the details structure. 
Anthracotherium is, however, probably pentadactyl, the scaphoid somewhat broader 
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proportion its height than that Archaeotherium, though hardly much would 
expected. 

The lunar very large and complex carpal, which exceeds the scaphoid all its 
dimensions, and especially breadth. The radial facet two parts, continuing those 
which occur the scaphoid; the anterior dorsal part extends across the width the 
bone and very convex antero-posteriorly, while the palmar portion very much larger 
and concave the same direction. The dorsal border rises steeply toward the ulnar 
side, where the lunar drawn out into blunt, projecting, hook-like process, which extends 
over the pyramidal, the does over the lunar. the radial side are three facets 
for the scaphoid, corresponding those the latter, which have already been described. 
The palmar face greatly extended transversely, and, though lower, much broader 
than the dorsal surface. the ulnar side are two facets for the pyramidal, which con- 
stitute interlocking joint unusual firmness and strength. One these facets 
proximal and and overlaps the pyramidal; the second, which very much larger, 
palmar and distal position, and has saddle-like shape; interlocks closely with 
similar facet upon the pyramidal. When seen from the front, the contact between the 
lunar and magnum appears entirely lateral, but passes toward the palmar side, 
the magnum facet broadens, becomes very concave, and assumes distal position. The 
unciform face also oblique and the beak between the two not the median line, but 
shifted far toward the radial the unciform facet considerably wider than 
that for the magnum, but the palmar side these proportions are reversed. 

The lunar Entelodon figured Kowalevsky resembles that the American genus, 
except that its proximal surface does not rise steeply toward the ulnar side and does 
not project over the pyramidal. The lunar Anthracotherium like that Archaeo- 
therium, but narrower, especially its palmar face, and much thicker, and the distal beak 
more nearly the median line. 

The pyramidal resembles the scaphoid shape, but much broader, not thick 
antero-posteriorly, and generally more rugose and massive appearance. view 
the reduced lateral digits and the radius and ulna, the relatively large size 
the pyramidal somewhat surprising. The proximal end occupied the ulnar facet, 
which convex transversely and deeply concave antero-posteriorly. the palmar side 
narrow, plane facet for the pisiform, which very oblique position. This facet 
carried upon compressed and slightly recurved, hook-like ridge, which runs for nearly 
the full vertical height the bone, though not quite reaching the distal end. the 
radial side are two facets for the lunar, separated wide and deep sulcus; the palmo-distal 
one larger than the corresponding surface the lunar, and its curvatures are, course, 
opposite directions those the latter, being concave the vertical, and convex 
the dorso-palmar diameter. The distal end the pyramidal taken large, but 
slightly facet for the unciform. 

The pisiform strikingly small, the proximal portion slender and elongate, expand- 


ing moderately the distal end, which thick and incurved. Its articulation 


pally with the pyramidal but has contact also with the ulnar. 

The pisiform Entelodon not unlike that Archaeotherium, but more irregular 
shape, which looks though might due disease, that Anthracotherium 
quite similar shape, though much larger. 
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The trapezium useless vestige, nodular shape, but with considerable proximo- 
distal and dorso-palmar diameters. articulates convex head with the trapezoid 
and extends down over me. II, but has facet for it. surprising find large 
trapezium didactyl manus. 

The trapezoid high, narrow and thin; closely interlocked with the magnum, 
lying depression the radial side that bone. The facet for the scaphoid simple 
and strongly convex. Three facets for the magnum occur the ulnar side, one proximal 
and two distal; the former much the largest the three, but confined the dorsal 
part the ulnar side. the two distal facets, one dorsal and one palmar; they are 
separated narrow space and are situated different planes, almost right angles 
each other. the radial side, near the distal end, shallow depression. The distal 
side the trapezoid bears small, plane facet, triangular shape, for the vestigial second 
metacarpal. 

Hippopotamus the trapezoid lower and broader and more functional importance 
than Archaeotherium, also Sus, and the latter, differing from all the other 
genera mentioned, articulates extensively with the third metacarpal. 

The magnum relatively large and massive bone, the three diameters which are 
nearly equal, though the dorso-palmar dimension somewhat exceeds the other two. The 
dorsal moiety the bone the lower, prominent head rising proximally from the palmar 
portion. The palmar hook represented short; but broad, rough and massive ridge. 
The proximal end unequally divided between the facets for the scaphoid and lunar; 
dorsally the former much the wider and occupies almost the entire breadth the bone, 
but does not extend far posteriorly and the head confined the antero-internal 
aspect that elevation. The lunar facet very narrow the dorsal side, and lateral 
rather than proximal position, but posteriorly widens and covers nearly the entire 
head. When viewed from the ulnar side, the lunar facet appears horse-shoe 
shape, narrow arms extending far down upon the dorsal and palmar borders, and separated 
below very large sulcus. These two arms the lunar facet are obscurely demarcated 
from the two small facets for the unciform, which they may said terminate distally. 
The distal end the magnum covered the large, saddle-shaped surface for the third 
metacarpal, which convex transversely and concave and proximal 
this, the radial side, small facet for the second metacarpal. the radial side 
also depression, running almost the full vertical height the magnum, for the reception 
the trapezoid. The depression contains larger proximal and two smaller distal facets 
for the trapezoid, corresponding those already described the latter. 

The magnum figured Kowalevsky the same general type the American 
genus, but with some differences detail. The magnum Hippopotamus low and broad, 
and differs from the magnum Archaeotherium that the dorsal portion the lunar 
facet proximal position. Sus also the magnum low and wide; its lunar facet 
relatively larger than Hippopotamus, and has articulation with the second meta- 
carpal, from which excluded the contact the third metacarpal with the trapezoid; 
the head low. 

The the largest and most massive bone the carpus; shape low, 
broad and thick, with its principal diameter directed transversely, and has the palmar 
side hook-shaped process, which not very prominent, but broad and heavy. The 
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proximal end occupied the facets for the lunar and the pyramidal, which the latter 
much the wider; the junction the two forms prominent ridge which curves across 
the proximal end from the dorsal the palmar side. These two facets are both slightly 
concave transversely, but very strongly convex antero-posteriorly, being reflected far 
down upon the palmar face. the radial side are two vertical articular bands, separated 
wide and deep sulcus. The dorsal band, which much the wider the two, 
composed two very obscurely separated facets, minute proximal one for the magnum 
and very large distal one for the unciform process the third metacarpal. The palmar 
band high and narrow facet for the magnum only, and much more extended vertically 
than the corresponding surface that bone. The distal end carries large facet for 
the fourth metacarpal, and the ulnar side minute facet for the rudimentary fifth 
metacarpal. 

The unciform Kowalevsky’s specimen does not differ any significant way from 
that the American genus. Anthracotherium this bone much wider and lower and 
the facet for the fifth metacarpal more distal than lateral. Hippopotamus the unciform 
exceedingly large, and its dorsal face low, wide, rectangular outline, and its great 
breadth corresponds the large size and functional importance the fifth metacarpal. 
Sus, which has much reduced lateral digits, the unciform narrower than Hippo- 
potamus, and the facet for the fifth metacarpal not completely displaced toward the 
ulnar side Archaeotherium. 

The metacarpus consists four members, two functional, the third and fourth, and 
two mere vestigial nodules, the second and fifth. 

Metacarpal nodular vestige, over which the trapezium extends without contact. 
carried the trapezoid and retains lateral connection with the magnum, excluding 
me. iii from any contact with the trapezoid. manus thus typical 
example what Kowalevsky has called the ‘‘inadaptive digital reduction. 

Metacarpal III long and massive. The head heavy, enlarged both dimensions, 
and has stout prominence upon the palmar side; bears broad, saddle-shaped surface 
for the magnum. the radial side depression for me. ii, the proximal end 
which are two small facets for that bone. The unciform process very large, prominent 
and heavy, and projects far over the head me. iv, but is, usual, confined the dorsal 
half the head. the distal side this process and the ulnar side the shaft 
continuous, concave facet for the head The shaft me. iii broad, but much 
compressed and flattened both width and thickness are nearly uniform 
throughout, but increase slightly toward the distal end. The distal trochlea broad and 
rather low, but reflected well upon the palmar face; the dorsal side demarcated 
from the shaft only obscure ridge, with deep depression above it. The carina 
very prominent, but confined entirely the palmar face. The lateral pit the ulnar 
side large and deep, but that the radial side faintly marked. 

Kowalevsky’s specimen the third metacarpal does not differ any important way 
from that the American genus, though the magnum facet somewhat more concave 
transversely and the shaft rather more slender. Anthracotherium me. iii very 
similar that Archaeotherium, but relatively heavier; the proximal end the tubercle 
for the insertion the extensor carpi radialis muscle more conspicuous, and the palmar 
projection the head more prominent. 
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Metacarpal little shorter and narrower than me. with which articulates 
two large facets, separated wide and deep groove; these facets the dorsal one, 
which overlapped the unciform process me. iii, strongly convex, while the palmar 
facet flat and borne upon the palmar projection. The ulnar side has shallow groove, 
which lies the nodular me. the articulation with the latter means single, 
small, triangular facet. The shaft somewhat narrower transversely than that me. iii, 
but otherwise like it, also the distal trochlea. 

Entelodon magnus, Kowalevsky’s figure shows somewhat differently shaped 
proximal end, the head somewhat more extended transversely, especially toward the 
ulnar side, while the palmar projection narrower and less prominent. Anthracotherium 
the head me. iii has such transverse extension. 

Metacarpal almond-shaped nodule, almost exactly like the specimen figured 
Kowalevsky, though rather more regular outline. Proximally the nodule has 
large, subquadrate, and slightly concave facet for the unciform, which presents more 
laterally than superiorly, and, forming very obtuse angle with this surface, smaller, 
triangular facet for me. iv. 

The phalanges, which are short, compared with the length the metacarpals, are 
developed only the median pair digits. The proximal phalanx digit III relatively 
elongate, straight, broad and depressed; its proximal end both wide and thick, and 
carries concave facet for the metacarpal trochlea, which deeply notched the palmar 
border for the carina. Toward the distal end the phalanx narrows but little, though di- 
minishing much the dorso-palmar diameter; the distal trochlea low, wide, depressed 
and only slightly notched the median line. The second phalanx short, broad and 
thick, and asymmetrical shape; its proximal trochlea obscurely divided into two facets, 
which that the radial side the larger and extends more the palmar direction, 
while the median dorsal beak not prominently developed. The distal trochlea much 
thicker than that the first phalanx, reflected much farther upon the dorsal face, and 
more distinctly notched the median line. The course this surface oblique, 
that faces somewhat the ulnar side. The ungual phalanx curiously small and nodular 
shape, and short, but quite broad and thick; the proximal trochlea imperfectly 
divided into two slightly concave facets. The palmar surface nearly plane, except for 
its rugosities, while the dorsal margin descends abruptly the blunt distal end. 

Anthracotherium the phalanges are the same general type Archaeotherium, 
but are proportionately much shorter and stouter. Hippopotamus they are short, 
broad and very heavy, while the are reduced and nodular form. Sus the 
three phlaanges digit are together considerably longer than the metacarpal, which 
far from being the case Archaeotherium; they are also quite different shape from 
those the latter. 


GIRDLE AND LIMB 


The pelvis remarkable many ways. (Pl. XLIII, curiously long and 
narrow, except anteriorly, where the sudden and strong eversion both ilia gives con- 
siderable breadth. The ilium elongate, and has long, heavy, trihedral peduncle, which 
expands quite abruptly into the broad anterior plate. This plate very strongly everted 
its antero-inferior portion, and shape not all like that Sus, most existing 
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artiodactyls, but rather resembles that such ancient perissodactyls Palaeosyops. The 
plate rises high above the sacrum and conceals much that bone from view, when the 
pelvis seen from the side; the gluteal surface concave and the sacral surface strongly 
convex; the border thin for most its course, but becomes very thick and 
rugose its inferior angle. The iliac surface relatively wide and may traced through 
the whole length the bone, the pubic border being very distinctly marked throughout. 
The ischial border is, for the most part, thick and rounded, but becomes sharp and com- 
pressed above the acetabulum. The pectineal process very prominent and rough 
tuberosity, and second rugosity lies above and behind it. The acetabulum rather 
small, but deep, and almost circular form; its articular surface but little reduced 
the deep and narrow sulcus for the round ligament. 

The ischium likewise elongate, though much shorter than the ilium; above the 
acetabulum its border arches upward into high, thin and roughened crest, the ischial 
spine, very much like that seen Sus, behind which distinct sciatic notch, difference 
from the true pigs, which have such notch. For most its length, the ischium 
laterally compressed, but expands posteriorly into large, thick plate, with everted hinder 
border and very massive tuberosity. The pubis short, heavy and depressed. The 
symphysis, which both pubes and ischia take part, very long, the posterior notch 
between the two ischia being shallow. Consequently, the obturator foramen much 
elongated antero-posteriorly, and oval shape. This region the pelvis entirely 
different from that Sus, which the ischia are widely separated behind, the symphysis 
short, and the obturator foramen nearly circular outline. Hippopotamus the 
pelvis more like that but much larger and more massive every 
way. 

The femur long and proportionately rather slender bone. The proximal end 
widely expanded the transverse direction; and shape recalls that seen the camels 
and llamas.. The head almost hemispherical form and has small, deep pit for the 
round ligament; set upon very distinct neck, which connected long, narrow 
bridge bone with the great trochanter. The latter very large and massive, especially 
the antero-posterior direction, but does not rise above the level the head, and hence 
not very conspicuous, when the femur seen from the front. The digital fossa deep 
and widely open, which due the great thickness the trochanter, but not much 
extended the vertical direction. The second trochanter also large and very rugose, 
but not very prominent; projects almost entirely backward, that the trochanter 
hardly visible, when the bone viewed from the anterior side. There plainly marked 
ridge, connecting the great and second trochanters, but from the latter 
ridge runs proximally and almost reaches the head. XLIII, Figs. 3a.) 

The shaft the femur, which its proximal portion much expanded transversely 
and compressed antero-posteriorly, rapidly narrows downward, and below the second 
trochanter becomes rather slender and subcylindrical shape. Toward the distal end 
the shaft widens considerably, though increasing little thickness. Above the external 
condyle long, narrow pit, with rugose margins, which served for the origin the 
plantaris muscle. The rotular groove very broad, but shallow; its inner border much 
thicker and more prominent than the outer, and ascends higher proximally, where termi- 
nates short, overhanging hook, while the external border dies away more gradually. 
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The condyles are relatively small; they present directly backward, though not projecting 
very strongly behind the plane the shaft, and are almost equal size, the external one 
but slightly exceeding the internal height and breadth. The intercondylar fossa 
broad and deep and has nearly straight borders. 

femur Anthracotherium much like that Archaeotherium, but even more 
slender proportion its length, and the condyles are smaller. has femur 
quite different type. That Hippopotamus, though extremely massive, has yet 
certain resemblance the femur Archaeotherium, may seen the transverse 
expansion the proximal end and the obliquity and asymmetry the rotular groove. 

The patella large, massive, and rather peculiar shape. high, broad and thick 
the middle portion, but with the distal part thin and narrow, and tapering blunt 
point; the proximal portion also narrow and rises above the articular surface com- 
pressed, but thick and rugose process. The femoral surface convex transversely, and 
only very obscurely divided into external and internal facets broad and low median 
ridge. Hippopotamus has patella which bears but little resemblance that Archaeo- 
therium; short, but very broad and extremely thick, and sends off long, horizontal 
process from the internal border. (Pl. XLIII, Figs. 4a.) 

The massive bone, considerably shorter than the femur, but relatively heavier. 
The proximal end very broad and thick; the condyles are the usual saddle-shaped 
form and have rather small antero-posterior extension; the inner condyle somewhat 
more extended this direction, while the outer one wider transversely, and projects 
over the external side the shaft. The fibular facet small and confined the postero- 
external angle the outer condyle. The tibial spine low and bifid. The 
process exceedingly heavy and prominent, and runs far down upon the shaft, extending 
for nearly half the length the bone; its proximal portion displays depression for the 
patellar ligament and the sulcus for the tendon the extensor longus digitorum deeply 
incised. The shaft the tibia heavy throughout, not diminishing much diameter 
distally; has decided lateral and slight anterior curvature. (Pl. XLIII, Figs. 5a.) 

The distal end broad, but not very thick, and has unusually quadrate outline. 
The astragalar surface divided low intercondylar ridge into two facets, which 
the external one much the larger and the inner one more deeply impressed. The inter- 
condylar ridge, which pursues very straight course across the distal end, remarkable 
for its bifid termination the anterior margin. considerable sulcus placed upon the 
intercondylar ridge, invading the articular surface each side. the external side 
the distal end the tibia broad, rugose depression for the fibula, but with only very 
small external facet for the latter; additional fibular facet forms narrow band upon 
the distal surface, the tibia extending somewhat over this portion the fibula. The 
malleolar process short and compressed, and has great antero-posterior extension. 

The tibia Anthracotherium much like that Archaeotherium, but relatively 
shorter and heavier. also has similar tibia, differing only minor details. The 
tibia Hippopotamus the same general type, but extremely short and massive. 

The fibula complete and not with the tibia any point, but is, never- 
theless, very much reduced. The proximal end laterally compressed and very narrow, 
but retains considerable antero-posterior extent, and bears narrow, obliquely placed and 
slightly convex facet for the tibia. The shaft tapers and becomes exceedingly thin and 
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delicate, though very irregular shape; distally the shaft thickens much the fore-and-aft 
diameter, but remains very narrow. The distal end forms large external malleolus, but 
continues very narrow. The malleolus projects inward beneath the tibia and has 
narrow facet which presents proximally and articulates with the facet, already mentioned, 
the distal face the tibia. The astragalar facet large, extending for almost the whole 
thickness the malleolus and curving downward front; the caleaneal facet, which 
occupies the entire distal end the fibula, narrow, but has very considerable antero- 
posterior extension. the outer side the malleolus are two deeply incised sulci for the 
peroneal tendons. Sus the fibula very much stouter and less reduced than Archaeo- 
therium, while the distal end less enlarged and does not extend beneath the tibia. The 
fibula Hippopotamus relatively very slender, but differs from that the White 
River genus having smaller proximal and very much larger distal end. 


Pes (Pl. XLIII, Figs. 


The tarsus has undergone little specialization, although the hind foot, like the fore 
foot, didactyl. 

The astragalus elongate, though broad and massive well. The proximal trochlea 
deeply but very broadly grooved and its two parts are unequal, the external condyle 
rising much more, both proximally and dorsally, than the internal, but not produced 
far distally. While the outer condyle widely separated from the cuboidal facet, the 
inner one continued far distally become confluent with the surface. 
very large and deep pit occupies great portion the dorsal surface between the proximal 
and distal trochleae. The distal trochlea broad and unequally divided into facets for 
the cuboid and navicular, the latter being much the wider and different shape. The 
surface for the cuboid strongly convex the dorso-plantar direction, but nearly plane 
transversely, while the navicular facet hour-glass shaped, and the fibular side the 
median line has distinct, though wide and shallow groove for corresponding ridge 
the proximal side the navicular. The junction the two facets forms sharp but not 
prominent edge. 

The proximal external facet for the caleaneum divided sulcus into two parts, 
both which are concave and present distally, well laterally. The proximal portion 
set conspicuous prominence the fibular side the astragalus, and clearly 
visible when the bone seen from the dorsal side, while the distal portion also prominent, 
but concealed when looked from the same point view. The sustentacular facet 
very large and strongly convex the proximo-distal direction, but almost plane trans- 
its external border projects shelf beyond the body the astragalus, and thus 
helps enclose the large and deep sulcus which found upon the external side the bone. 
The distal external facet for the very small. The fibular facet well extended 
the proximo-distal diameter, but narrow the dorso-plantar direction. 

Kowalevsky’s specimen the astragalus, far preserved, resembles that 
the American genus, but the external part the proximal trochlea too much damaged 
show the characteristic external facet. the astragalus 
proportionately much broader and lower than Archaeotherium, the ridge the distal 
trochlea, formed the junction the two facets, more prominent and pursues more 
oblique course. The sustentacular facet narrower and shorter and the proximal 
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facet projects less. The astragalus Sus quite like that Archaeotherium, especially 
the proportions the distal trochlea. Hippopotamus the astragalus remarkable 
for its extreme shortness, for the asymmetry its proximal trochlea, the outer condyle 
much exceeding the inner size, and for the almost equal division its distal trochlea 
between the navicular and cuboid facets. 

The calcaneum has long tuber, which deeply channeled the external side and 
for most its length compressed and rather slender, but swells the free end into 
massive, club-shaped expansion, which has broad, shallow tendinal sulcus the plantar 
face. From the free end the dorso-plantar diameter the caleaneum increases gradually 
the fibular facet, where reaches its maximum, and from which contracts rapidly 
toward the distal end. The sustentaculum very prominent and bears wide, slightly 
concave facet for the astragalus. The distal astragalar facet much more extended 
the dorso-plantar direction then the corresponding surface the astragalus and indicates 
unusual amount movement between the two bones. The cuboidal facet narrow 
transversely, but much extended planto-dorsally; divided, though very obscurely, 
into dorsal and plantar parts, which the former the larger and has something 
saddle-like shape, while the latter smaller and concave. 

The caleaneum Sus resembles that Archaeotherium, but broader and has 
tuber more uniform thickness, not channeled the outer side. The articular surface 
for the cuboid very divided into two facets, the junction which forms 
sharp ridge. Hippopotamus the caleaneum has exceedingly long and massive tuber, 
which greatly swollen the free end. 

The navicular large bone, not very broad, but considerable dorso-plantar 
diameter. The surface for the astragalus hour-glass shaped, with two concavities sepa- 
rated broad, convex ridge, which the dorsal side marked elevation the 
proximal margin. The concavity the tibial side the larger the two and its plantar 
border rises much higher than that the external concavity. There are three facets for 
the cuboid the fibular side the bone, one plantar and two dorsal; the former very 
strongly convex, projecting well outward, and high vertically, but narrow antero- 
posteriorly. The two dorsal facets are both small and plane, and are placed the proximal 
and distal margins the navicular. The plantar hook very much reduced, forming 
hardly more than roughened ridge. The distal end occupied principally the large 
facet for the ectocuneiform, which extends across the whole dorsal side and much the 
tibial side also. Partially separated from this minute surface for the mesocuneiform. 
The facet for the entocuneiform much larger than the latter; stands isolated the 
postero-internal angle the distal end and somewhat saddle-shaped, concave antero- 
posteriorly and convex transversely. 

Kowalevsky’s figures not display any characteristic differences the structure 
the navicular between Archaeotherium and Entelodon. Hippopotamus the navicular 
very low and broad, and its distal facets are well distinguished. 

The shape not unlike the vestigial, nodular metapodials; high, 
narrow and compressed, thickest proximally and tapering distally blunt point. The 
navicular facet relatively large, and saddle-shaped, with curves the converse those 
which occur the corresponding surface the navicular. Distally, there facet 
the fibular side for the plantar projection from the head the third metatarsal. 
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The firmly ankylosed with the ectocuneiform, but its shape is, 
nevertheless, clearly distinguishable; does not extend quite far distally the latter 
and very small, transversely, and narrows toward the distal end. Its facet 
for the second metatarsal obscurely displayed and has contact with the third. 
Entelodon magnus the two cuneiforms are even more completely fused than the 
American genus. 

The ectocuneiform large bone, irregularly quadrate shape; its proximal surface 
bears large, plane facet for the navicular, and the distal end occupied still larger 
surface for the third metatarsal; the latter abruptly contracted toward the plantar side. 
the tibial side and distal the mesocuneiform minute lateral facet for the second 
metatarsal. The contact with the cuboid restricted two facets near the proximal end, 
one dorsal and the other plantar, which the latter the smaller. but the more prominent. 
Entelodon this bone very much Archaeotherium, but the distal facet different 
shape, not contracting much toward the plantar side. The ectocuneiform Hippo- 
potamus low, but very broad, keeping with the great size the third digit. Sus 
this element not wide Archaeotherium, and differs from that all the genera 
mentioned having contact with the second metatarsal, from which cut off 
the articulation the mesocuneiform with the third. 

The cuboid massive all its dimensions, high, broad and thick. The proximal 
surface about equally divided between the facet for the caleaneum and that for the 


astragalus, though the latter slightly the wider. This facet, which simply concave 


antero-posteriorly, widest near the dorsal border, and the middle its course 
deeply emarginated from the tibial side. The facet imperfectly divided into 
two parts, which the dorsal portion much the larger, particularly width, while the 
plantar portion curves inward lie, part, behind the astragalar surface. The 
cuboid firmly interlocked with the navicular means the deeply concave facet 
the tibial side near the plantar margin, which receives the projection from the navicular 
already described. Dorsally the contact between these bones limited two small 


facets, one which proximal, and the other distal the navicular, median the 


cuboid, where helps form the projection between the navicular and the ectocuneiform; 
this prominence is, however, very short. The facets for the ectocuneiform are also dorsal 
and plantar, and are just distal those for the navicular. The distal end the cuboid 
taken the large facet for the fourth metatarsal, that for the rudimentary fifth 
being very small and lateral position. The plantar hook not long, but very broad 
and massive, and bears its tibial side facet for the posterior projection from the head 
the fourth metatarsal. 

Entelodon magnus (Kowalevsky) the cuboid not high proportion its 
breadth Archaeotherium, and the tendinal sulcus the fibular side deeper. 
Sus the cuboid broader and lower and the division the surface into two 
parts complete. Hippopotamus the cuboid very low and broad, and the astragalar 
facet much wider than the calcaneal. 

The metatarsus, like the metacarpus, consists two functional (III and IV) and two 
vestigial members (II and V). 

Metatarsal small nodule, which much compressed laterally and tapers 
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point the distal end; the articulations are proximally with the mesocuneiform and 
laterally with the entocuneiform and mt. III. 

Metatarsal considerably longer than the corresponding metacarpal and 
different shape, being much narrower transversely and thicker the dorso-plantar diameter. 
The head moderate width, but the long and massive projection from the plantar side 
gives great thickness. the tibial side the head the depression which lies the 
nodular mt. II. The plantar projection bears rounded, plane facet each side; that 
the tibial side for the ectocuneiform, and that the fibular side for mt. IV;-a 
second facet for mt. formed the shallow depression near the dorsal border. The 
shaft mt. III long, straight and slender; flattened the plantar and fibular sides, 
rounded the others. Toward the distal end the shaft gradually expands both width 
and thickness; very prominent and rough tubercle formed the fibular border the 
dorsal face, just above the trochlea. The latter rather low and narrow and has promi- 
nent carina, which confined altogether the plantar face. 

Metatarsal counterpart mt. III, with which forms symmetrical pair, 
though the plantar projection even larger and heavier than that the latter and articu- 
lates with the plantar hook the cuboid. The connection with mt. III means 
two facets, the dorsal one low, rounded prominence which fits into the depression 
mt. III already described, and the plantar one the tibial side the posterior projection. 
The two metatarsals are held very firmly together, externally the hook the cuboid 
and internally the entocuneiform. small depression the fibular side the head 
lodges the vestigial mt. The shaft and distal trochlea are like those mt. III. 

Metatarsal even more reduced than mt. II. has thickened club-shaped 
head, which bears facet for the cuboid and another for mt. IV, the two meeting 
very open angle. What remains the shaft slender and styliform. The mode 
digital reduction the pes, the manus, entirely ‘‘inadaptive,” the rudimentary 
mt. still clinging the mesocuneiform and preventing mt. III from reaching that 
tarsal, which much diminished size, while the ectocuneiform follows the enlargement 
mt. 

The phalanges the pes differ from those the manus principally their greater 
slenderness. The first phalanx little longer than that the fore foot, and decidedly 
more slender; the proximal trochlea less deeply concave and the groove for the carina 
narrower and deeper. The second phalanx nearly the same length the fore foot, 
but much narrower and somewhat less asymmetrical form. Kowalevsky points 
out, the proportions this phalanx are very exceptional among ungulates. The ungual 
smaller every dimension than that the manus and, particular, narrower. 


SKELETON ARCHAEOTHERIUM 


The skeleton this genus has remarkable and even grotesque appearance. 
many the White River genera, the skull disproportionately large, and the immense, 
dependent projections from the jugals, together with the knob-like protuberances the 
mandible, produce highly characteristic effect. The long, straight face, the prominent 
and completely enclosed orbits, the short cranium, the high sagittal crest, and the enor- 
mously expanded zygomatic arches give certain suggestion likeness the skull 
Hippopotamus. The neck short, nearly straight and very massive, with prominently 
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Fig. mortoni, skeleton one individual 1/11. 
Weld Co., Col. No. 11,323. 


Fig. scotti type, skeleton one individual 1/16. 
Big Bad Lands, So. Dak. Princeton Univ. Mus. No. 10,885. 
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developed processes for muscular attachment. The trunk short, but heavy; the anterior 
dorsal spines are very high and heavy, while those the posterior region are short and 
slender. consequence the sudden shortening the dorsal spines, conspicuous 
hump formed the shoulders. The thorax moderate capacity and the loins are 
short. The tail appears great length, though the individual vertebrae are 
greatly elongated. The limbs are long and rather slender, and the fore and hind legs are 
nearly equal height; the humerus and femur are almost the same length, are also 
the radius and tibia, while the pes somewhat longer than the manus. The scapula 
very large, especially the vertical dimension, which considerably exceeds the length 
the humerus, and has short but prominent acromion; the pelvis, the other hand, 
rather small, the ilium having long and slender peduncle, and only moderate anterior 
expansion. The elongate limbs and slender, didactyl feet are curious contrast the 
huge head and short, massive trunk, and form combination which would hardly have 
been expected. 

The foregoing description drawn from the mounted skeleton the larger 
species the Chadron substage, the museum Princeton University. Skeletons 
mortoni the American Museum and the Colorado Museum Denver, are not only 
very much smaller, but proportionally much more slender. The skeleton third kind 
has been figured Marsh; they are all essentially similar and differ only size and 
proportions. 


RELATIONS ARCHAEOTHERIUM 


There has been very general agreement, among those who have made study 
this genus, regarding the systematic position Archaeotherium. The acute, compressed 
premolars, however, lead some observers see affinities with the Carnivora and 
Blainville went far include Entelodon his carnivorous family Subursi. Almost 
every other writer has referred these animals the suillines. Leidy says it: 
remarkable extinct genus suilline pachyderms. Its allies among extinct genera 
are Choeropotamus, Palaeochoerus, Anthracotherium, and among recent animals the Hog, 
more definite and way: ‘‘Schon bei dem ersten Anblick der Bezahnung bleibt 
kein Zweifel die Familie der diese Form den Suiden; sie bildet 
aber darin wegen des auffallenden Baues der didactylen eine sehr 
liche Gattung. konnte eine derartige Form sich nicht bilden, das Entelodon 
hatte gewiss Vorahnen, deren Knochenbau einen Uebergang von der tetra- 
dactylen der didactylen Form vermittelten, bis heute aber sind uns solche noch 
(’76, 450). refers the genus the Achaenodontinae, subfamily 
the 335). Marsh erects separate family for the genus, and says it: 
Elotheridae were evidently true suillines, but formed collateral branch that became 
extinct the Miocene. They doubtless branched off early Eocene time from the main 
line which still survives the existing swine the old and new 408). 
Schlosser has expressed somewhat different opinion and has referred the genus the 
bunodont division the family Anthracotheriidae, which family derives from Eocene 
stock common the Anthracotheriidae, the the Hippopotamidae and the 
Suidae (’87, 80). 
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Matthew dissented from all these opinions and referred the family his suborder 
Palaeodonta, course which have followed, without feeling, however, that the problem 
has thereby been brought much nearer solution. The genus far specialized that 
implies long ancestry, not member which is, yet, certainly known, although 
there are certain genera which throw some light upon the problem. the absence 
this ancestral series, are without any sure criterion which distinguish parallelisms 
from characters actual affinity, since only tracing, step step, all the gradations 
differentiating phylum, can safely determine the true position its members. 
However, some facts seem clear and definite significance. the first place, 
plain that Lydekker was right forming separate family for these genera, belongs 
line which diverged very early from the main stem, whatever that was. the second 
place, the relationship this family the must very remote one. When 
compare the skeleton Archaeotherium with that the swine and peccaries, point 
only notable resemblance between the two groups found consist the 
bunodont character the molar teeth, and this resemblance, standing itself, cannot 
regarded all decisive. The selenodont molar has been independently acquired 
several distinct lines, and far the artiodactyls are concerned, the bunodont pattern 
almost certainly the primitive one. That two widely separated families should each 
have retained common primitive character too frequent phenomenon excite surprise. 
all other structures, skull, vertebral column, limbs and feet, particularly close corre- 
spondences between the Entelodontidae and the Suidae can detected, though that 
common early Eocene progenitor should have given rise both families likely. 

has already been observed, direct ancestors Archaeotherium have yet been 
recovered, but there are certain Eocene forms which seem related these unknown 
ancestors such way suggest the character the latter. Achaenodon (Archaeo- 
therium) uintensis Osborn such form and differs from robustus the 
elongation the face and the shortening the cranium, both which characters relate 
This species more specialized several respects than the White 
River one and like its forerunner the Bridger, and insolens, has but three premolars 
each jaw, and hence not all likely ancestral the later genus. the Wasatch 
Achaenodon represented Parahyus vagus Marsh, which likewise has but three premolars, 
and, far known, differs from the Bridger species only its smaller size. There 
some reason think, Osborn has pointed out, that even had four func- 
tional digits. 

While very unlikely that Achaenodon can have been the direct ancestor Archaeo- 
therium, there are, nevertheless, many suggestive resemblances between the two genera, 
and the types their dentition are nearly identical, that can feel little doubt 
their real phylogenetic relationship. this case, Achaenodon will represent somewhat 
modified side-branch the stem which culminated Archaeotherium. species 
Achaenodon, some closely allied genus, with unreduced dentition and unshortened 
face, may well prove the desired ancestral form. the line had already become 
distinct the Wasatch and the group thus has subsequent connection with any the 
existing artiodactyl families. would then represent stage ancient 
and very peculiar line, which attained remarkable degree specialization many parts 
its structure and which extended its range over the whole Northern Hemisphere. 
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the same time, the cerebral development the genus was very backward and this was 
doubtless one, least, the factors which led its extinction the Miocene epoch. 

Species.—The problem species particularly difficult the case Archaeotherium 
because the extreme individual variability among the White River fossils. The latest 
revisions are and Sinclair? and they not altogether agree their results. 

both these authors are greatly indebted for the admirable work which helped 
the solution the problem; whether more fewer species names are admitted rela- 
tively unimportant, compared with the determination interrelationships. 


Without arranging them stratigraphically, Troxell listed the following White River 
genera and species. 


Entelodon coarctatus (Cope) Pelonax ramosus Cope 
Archaeotherium mortoni Leidy potens (Marsh) 

crassum (Marsh) Megachoerus zygomaticus Troxell 
clavus (Marsh) latidens Troxell 


marshi Troxell 


The author evidently intended his species taken elastic sense, saying: 
great diversity the material did not permit the reference every specimen 
known species, nor did the fragmentary material warrant the making new species for 
each strange specimen. was found most practicable therefore group allied specimens, 
even though times widely different, order emphasize their relationship and arrange 
the whole systematic 

stratigraphic table emended 1922 follows. 


CHADRON 
Archaeotherium mortoni Leidy scotti Sinclair 
marshi Troxell 
II. Lower 
mortoni Leidy crassum? Marsh 
ingens Leidy Sinclair 


III. 
Megachoerus zygomaticus Troxell ramosus Cope 
latidens Troxell Scaptohyus altidens Sinclair 


the interval between his two papers, Sinclair’s views underwent radical change 
concerning the species the White River entelodonts. the second paper, which was 
especially revision the smaller species, writes: ‘‘In the presence this melange 
characters, quite unable separate species the basis constant association 
constant differences. Certain characters, like the complication crown pattern M3, 
may regarded progressive, but among contemporary individuals the series the 
increments change appear fluctuate irregular way, certain cusps less advanced 
teeth being very large, while more advanced teeth they may quite small, small 
some, large others. far the assumed primitiveness coarctatum concerned, 


Amer. Journ. Sci., 3rd Ser., Vol. pp. 243-55, 361-85, 431-45, 1920. 
Proc. Amer. Philos. Soc., Vol. LX, pp. 467-95, 1921. Ibid., Vol. LXI, pp. 1922. 
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Fig. 120. Suborbital process various entelodonts. mortoni; sp. mortoni; 
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every one its characters which might regarded primitive possessed some degree 
specimens which differ from other respects and are faced two alterna- 
tives, either the naming every variant, which results practically making every specimen 
separate species, for almost every one them shows new grouping characters which 
appear somewhere else different association, the referring the lot one species, 
for which the name mortoni has priority and which seems made several 
interbreeding strains.”’ 

situation with regard these small entelodonts suggests that certain the 
structural differences which have been used for the separation some the larger forms 
would found intergrade had larger series contemporary specimens, which, 
unfortunately, not yet exist collections. the conclusions reached above are 
well founded, may considered certain that mortoni ranges down the Titanotherium 
beds, but neither nor the genus which belongs has yet been reported from the Pro- 
toceras-Leptauchenia (Op. cit., pp. 

The revised list given below seems unduly long, but the proper way correcting 
yet seek, because the stratigraphic uncertainty how many the forms were 
contemporaneous and how many successive. other words, how are variants and mutants 
distinguished? genus mammals has several species living together the 
same time and place, but the difficulty, yet insuperable, say how many these 
supposed species did actually co-exist. Distinct faunal changes are noted from one 
White River substage another, but within the limits each substage the clearly indi- 
cated changes species cannot yet expressed general terms. Hayden’s stratigraphic 
list assigns all the White River entelodonts ‘‘Bed which Darton’s Brulé. The 
table gives the stratigraphic position the genera and species described the following 
pages. 

ENTELODONTIDAE 

Scaptohyus altidens Sinclair 
Pelonax ramosus Cope 

potens (Marsh) 

Megachoerus zygomaticus Troxell 
?M. latidens Troxell 
sp. 


Upper Brulé 


Megachoerus praecursor sp. nov. 
Archaeothium mortoni Leidy 

crassum (Marsh) 

wanlessi Sinclair 

sp. ef. 

?Entelodon cf. magnus Aymard 


Lower Brulé 


Archaeotherium Leidy 
marshi Troxell 

Chadron scotti Sinclair 
?Entelodon coarctatus Cope 


Hayden, V., Leidy’s Ext. Mamm. Fauna Dak. and Neb., 21. 


FAUNA THE WHITE RIVER OLIGOCENE 415 


Archaeotherium mortoni Leidy 

Archaeotherium Leidy, Proc. Acad. Nat. Sci. Phila., Vol. 90, 1850. 
Arctodon vetustum Leidy, Sixth Ann. Rep’t. Regents Smithson. Inst., 63, 1852. 
Rhinoceros americanus Leidy, Proc. Acad. Nat. Sci. Phila., Vol. VI, 1852. 
Archaeotherium robustum Leidy, Owen’s Rep’t. Geol. Surv. 572, 1852. 
Entelodon Mortoni Leidy, Proc. Acad. Nat. Sci. Phila., Vol. VI, 392, 1853. 
Elotherium Mortoni Leidy, Ibid., Vol. 175, 1857. 
Elotherium clavum Marsh, Amer. Journ. Sci., 3rd Ser., Vol. XLVI, 409, 1893. 
Archaeotherium Peterson, Mem. Carnegie Mus., Vol. IV, 47, 1909. 


The genus Archaeotherium has, far, been certainly identified only the Chadron 
and the lower Brulé and each these sub-stages has two groups representatives, 
which may regarded three highly variable species, though, previously stated, the 
most recent students admit much larger number. Aside from the Canadian coarctatus, 
Troxell recognizes four species, not including Leidy’s ingens, being doubtful status, 
but with two sub-species. Sinclair, describing several new forms, increased this number 
six, which only partly coincided with those Troxell, but, his last paper the subject, 
was inclined reduce the lists Troxell and himself. The scheme here adopted 
nearly the one which Sinclair implicitly favored, though did not formally propose it. 
wrote, ‘‘to refer all our small entelodonts from the Big Badlands 
Leidy’s (1921, Sinclair did not include coarctatus this 
statement, though, noted above, objected generic separation that species. 

The especial character mortoni its small size and the slender proportions the 
skeleton. When placed beside the skeleton one the large species, such scotti, 
the contrast very striking. The suborbital processes, dependent from the zygomatic 
arches, which are characteristic the genus, are usually thin and plate-like but they 
differ much size the two sexes and increase length and thickness with age. The 
lower premolars are, very generally, well spaced apart, but occasionally, they are close- 
set. Sinclair has pointed out, these small archaeotheres the White River are extra- 
ordinarily variable and inconstant, that found impracticable recognize more than 
one species, the mortoni Leidy, which attempts definition other than the 
small size. 

the other hand, admits second species, the clavus Marsh, with two 
subspecies, A.c. clavus and clavus (Marsh) defines follows: 
this species the skull slender and the framework the zygomatic arch light, this 
being harmony with the longer, more slender canines. The dependent process from the 
jugal very narrow; seems point neither forward nor backward, but is, course, 
swung outward; its anterior edge line with the middle the orbit. The posterior 
process has notch receive the end the temporal bone and this species the distance 
from the orbit the notch relatively great. From the notch backward the bone 
narrow and extends almost the glenoid cavity, but the glenoid surface not cut away 
receive (Op. cit., pp. 362-3.) 

Most the items this diagnosis are characteristics the female, while others are 
entirely inconstant. 


Troxell, L., Amer. Journ. Sci., 3rd Ser., Vol. pp. 362-75. 
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The two subspecies which Troxell proposed are thus defined: 

characters clavus clavus—The smallest the entelodonts, distinguished 
from the wide heel, the narrow crown and the flat outer side P3, the great 
antero-posterior extent P4, and the extreme slenderness the face (70 per cent) 
front the orbits. 

subspecies may known the slender processes and general structure the 
zygomatic arch, the lack foramina the anterior wall the temporal, the jugal forming 
part the glenoid surface, the smoothness the frontals above the orbits, the wide 
lachrymal, the large double-rooted premolars (especially P2) the first premolar set 
angle the maxillary, the long slender canines, the subquadrate having equal dimen- 
sions, the straight-sided narrower behind, the subtriangular and the strong heels 
all the (p. 373). 

clavus darbyi, subsp. nov. allied type entelodont, constituting subgroup, 
represented the specimen No. 10032 and with another, No. 10173. seems 
approach more closely mortoni than clavus clavus does, but distinguished from that 
species the greater transverse diameter P3, 119 per cent, contrasted with its short 
antero-posterior diameter per cent. 

comparing with the type clavus clavus, similarity prevails size and few 
generalities, but differs many details structure and the more massive proportions; 
the dependent process from the jugal nearly half broader; the posterior process heavy, 
curves downward and its flattened end actually forms part the glenoid cavity. (Cf. 
Dinohyus.) The anterior process from the temporal deep and has sigmoid curve its 
lower border; the frontals are folded and grooved, very rugose over the orbits and wide 
anteriorly and the lachrymals are correspondingly narrow. The anterior mental tubercle 
not compressed, but rounded and heavy the end; the posterior tubercles are long and 
slender; larger diastema exists before and also behind P2; wider than long. The 
teeth are general heavier, smoother and possess less cingula and talon, especially the 
premolars are shorter and wider, except that the posterior heels are laterally 
(Op. cit., pp. 

The differences between these two supposed subspecies are, all probability, those 
sex, clavus being female and darbyi male. 

main differences (between the types mortoni Leidy and clavus Marsh) 
are: the relatively greater antero-posterior diameter the Marsh type, the much 
greater transverse diameter posterior P3, the greater slenderness the face, the roughness 
the enamel, and the much smaller (Op. cit., pp. 

these differences were constant, one would inclined admit the specific 
ness, but, view the extreme variability these entelodonts from the Chadron and 
lower Brulé, must, perforce, agree with Sinclair referring all the smaller forms yet 
found the United States one species for which Leidy’s term, mortoni, must used. 

Sinclair’s subjoined table measurements taken from skulls the American 
Museum and Princeton University, which were, for the most part, collected the lower 
Brulé, but two are from the Chadron. (A.M.N.H. No. 9315 and P.U. No. 
mensions the skeleton this species from Weld County, Colorado, now the American 
Museum (A.M.N.H. No. 11,323) are placed, for convenience comparison, the same table 
with those scotti Sinclair, large species from the Chadron. 
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MEASUREMENTS 


No. 1481 |No. No. 1483 |No. No. 9315 


Skull, length 


oce. cond. (inel.) 323 334 343 377 378 423 
length..... 147 173 178 183 181 119.2 185.5 
length..... 160 197 188 200 
ant.-post....... 18.5 19.5 18.5 22.5 18.25 
P4, transverse..... 18.5 22.5 21.3 19.5 
M2, transverse....| 
21.75 24.5 25.5 


Horizon: Lower Brulé and Chadron. 
Localities: Big Bad Lands, So. Dak., and Neb.; Weld Co., Colo. 


Archaeotherium cf. mortoni 


the American Museum there fine, undistorted skull, with mandible, which 
should not hesitate consider large male, were not for the suborbital proc- 
esses, which are unique feature. other skull that have examined are these processes 
long, narrow and thin, they are length and straightness, they are 
not unlike the suborbital processes (Marsh), but they are much thinner and 
more plate-like. the range variation these dependent processes has not been made 
fluctuating variant. 


MEASUREMENTS 
Upper dentition, length............... 277 mm. Skull, width over glen. cav............. 274 mm. 
Upper cheek-tooth series, length........ 193 Skull, width over suborb. 296 
Upper premolar series, length.......... 104 Suborbital process, length ............. 155 
Upper molar series, length............. Suborbital process, width.............. 
Lower dentition, length............... 275 Suborbital process, thickness........... 
Lower cheek-tooth series, length........ 210 Mandible, length fr. cond.............. 422 
Lower premolar series, length.......... 139 Mandible, length symph............. 119 
Lower molar series, length............. Mandible, depth p2................ 
Skull, median basal length...... 425 Mandible, depth m3................ 


Skull, extreme length....... 515 


Horizon: Lower Brulé. 
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Archaeotherium marshi Troxell 
Elotherium crassum Marsh (in part): Amer. Journ. Sci., 3rd Ser., Vol. XLVI, 408, 1893. 


previously noted (p. 414) there are the Chadron and also the lower Brulé two 
assemblages entelodonts, distinguished chiefly size, and between these groups, transi- 
tions are few, lacking the Chadron. The smaller species, mortoni, appears com- 
mon the Chadron and the lower Brulé, but the larger forms would seem different 
the two substages, though the large forms display much fluctuating variability the 
small ones. Large entelodonts are very much less common the Chadron than the 
Brulé and not more than two species would seem represented, though several names 
have been applied them. Troxell’s original description follows: 

marshi, sp. nov.; holotype, Cat. No. 12025: referred specimen Cat. No. 10290. 

this group are two specimens, both from South Dakota. The new type the 
splendid skull which has been taken for the apotype crassum all writers heretofore. 
The chief characteristics distinguishing from the holotype are: the heavy 
zygomatic arch with the large posterior process from the jugal and its sigmoid border, which 
joins the wide processes the temporal; the wide symmetrical dependent process, its 
position far behind the orbit, the sharp edges the deeper glenoid cavity and its geo- 
graphical location. 

additional features which separate from the crassum group whole are: 
the small body the ramus, the short symphysis, the long diastema and especially the 
single-rooted and the small size and P2.” (Op. cit., 385.) 

The author gives measurements the skull, but his figures show that pertained 
large animal and had maximum length 520 mm. 

Horizon: Chadron. 

Locality: bank Cheyenne River, near French Creek, So. Dak. 


Archaeotherium scotti Sinclair 
(Plates XLII, XLIII, XLIV, Fig. 


Elotherium ingens Scott (nec Leidy), Séances Troisiéme Congres Internat. 
Zool., Leyde, 16, 1895. 
Archaeotherium scotti Sinclair, Proc. Amer. Philos. Soc., Vol. LX, 468, 1921. 


The holotype this species the fine skeleton (Princeton University Mus. No. 10,885) 
which preliminary account was given the Third International Congress, 
held Leyden 1895. This was followed monographic description the Transac- 
tions the American Philosophical Society, Vol. XIX, pp. 273-324. that time, the 
author was much more concerned with questions morphology than with those syn- 
onymy and paid but little attention the specific name. Troxell was the first suggest, 
letter Sinclair, that this was unnamed species, suggestion which the latter ac- 
cepted and acted upon. His diagnostic characters are follows: 

long and thick, dependent malar processes, directed downward, forward, and 
outward with thin sinuous anterior margin and greatly thickened, round-edged, 
club-like posterior distal end. The outer face the process convex transversely 
the narrowest part, convex behind and flat the widest expansion and concave longi- 
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tudinally. Its front margin the point greatest expansion line with the 
posterior border the orbit. 

The zygomatic arch mm. wide its narrowest part and the jugal process 
very thin and, while extends the front edge the glenoid fossa, takes part therein 
and not visible side view, but only from below. 

assume that the roots were conjoined. 

The anterior mental processes are very large and extremely broad the base 
antero-posteriorly, but vertically, the neck only mm. thick the middle, thinning out 
edge front and rear: Distally, the process swells out oval bulb mm. 
diameter and curves outward, backward and upward.” 


wanlessi type scotti type 


Breadth jaw outside 95.5 100 110.5 
Breadth between ends ment. protub........ 121 92.5 157 


upper incisors and canines had dropped out previous fossilization. 
small, double-rooted tooth placed obliquely the general direction the tooth row, and 
mm. (left) mm. (right) back the canine. The crown measures mm. 
long diameter the alveolar border. represented empty alveolus mm. back 
pl. also lacking and there only short space between and has 
its outer and back sides square, the inner rounded and the front deeply indented. the 
anterior outer corner prominence rises from the cingulum and the latter present front 
and rear: and are quadrangular heavy cingula are present front and rear. 
the crown narrows width posteriorly, the outer wall the tooth converges inwardly 
and there small posterior (Op. cit., 470.) The description the lower 
teeth may omitted, adding significant features. 

Sinclair failed mention one the most characteristic features this skull, viz., the 
form the mandibular symphysis, omission due, doubt, the distortion which this 
lower jaw had suffered from crushing. Fortunately there the Princeton collection 
second mandible also from the Chadron (No. 13,026) which had not been found, when 
Sinclair’s paper was published, and this quite free from distortion. This specimen, which 
may designated the paratype, agrees with the mandible the holotype very re- 
markable fashion. rare, indeed, find two entelodonts nearly identical and 
this constancy which justifies the retention the species; otherwise, might well con- 
sidered variant marshi, with which has certain marked resemblances, notably 
the form the mandibular protuberances. XLIV, Fig. 2.) 

The symphysis the mandible, both the specimens mentioned, differs from that 
all the other species being very long, procumbent and depressed, that the chin 
almost horizontal, instead erect, very steep, the others, particularly 
The mental protuberances, upon which Sinclair dwells, are very characteristic: 
the anterior pair, mental processes, are unusually extended antero-posteriorly and strongly 
everted and upcurved, ending distally bulbous and rugose enlargements. The posterior 
pair are smaller and have not the distal enlargement, but they also are strongly everted 
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MEASUREMENTS 

No. 11,323 

mm. 
Upper dentition, length 104 268 
Upper molar series, length.................. 104 
Upper premolar series, length............... 175 123 
Upper canine, ant.-post. diameter........... 
Upper canine, transverse diameter........... 
transverse diameter................... 
M2, transverse diameter................... 
M3, transverse diameter................... 
Lower dentition, length 270 
Lower molar series, length.................. 108 
Lower premolar series, length............... 183 192 125 
Skull, median basal length.................. 402 
Skull, extreme length, 484 
Skull, width over zygo. behind dependent proc. 443 265 
Cranium, length ant. bord. orbit........ 288 212 
Face, length ant. bord. orbit........... 2378 249 
Occiput, width 252 149 
Occiput, height fr. for. 
Bony palate, length median line........... 376 252 
Zygomatic arch, length..................... 271 177 
Dependent proc. jugal, length............ 256 104 
Dependent proc. jugal, width, max........ 
Dependent proc. jugal, thickness, 
608 388 
Mandible, height coronoid 171 119 
Mandible, height 126 
Mandible, length symphysis.............. 173 107 
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MEASUREMENTS (Continued) 


P.U. No. A.M.N.H. 
10,885 No. 11,323 
mm. mm. mm. 
Axis, length odontoid.................... 
Seventh cervical, length.................... 
Fifth dorsal, height neural spine.......... 291 
Sixth lumbar, width over transv. proc........ 176 
First sacral, width centrum............... 
Second sacral, width centrum............. 
Scapula, ant.-post. diam. glen. cavity...... 
Humerus, width prox.end............... 132 
Radius, width prox.end................. 53.5 
length olecranon fr. coron. 103 
Carpus, prox.-dist. height med. line........ 
Metacarpal III, length med. line.......... 167 
Metacarpal IV, length median line........ 161 112 
Digit III, phalanx length................. 
Digit III, phalanx width distal end 
Digit III, phalanx width prox. end 
Digit III, ungual, prox. width............... 
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MEASUREMENTS (Continued) 


A.M.N.H. 

No. 18,621 10,881 No. 11,323 

mm. mm. mm. 
Pelvis, width acetabulum................ 191 125 
width over 104 
Pubic symphysis, length.................... 190 104 
Femur, width dist.end.................. 100 
Femur, width trochlea................... 
Patella, prox.-dist. diameter................ 107 
Patella, transverse diameter................ 
Tibia, thickness prox.end................ 
Tibia, thickness dist.end................ 
Astragalus, width prox. trochlea.......... 

Metatarsal III, width prox.end.......... 
Metatarsal III, thickness prox. end........ 
181 130 
Metatarsal IV, width dist.end........... 
Digit phalanx width dist. end....... 
Digit III, phalanx length................ 
Digit III, phalanx width prox. end...... 
Digit III, ungual phalanx, length............ 
Digit ungual phalanx, width prox. end. 
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and up-curved. There can doubt that both these mandibles were males; the 
skeleton (No. 10,885), particular, shows unmistakable signs savage fighting. 

sufficient account the skeleton given the generic description. Its principal 
specific character its massive proportions, compared with the light and slender bones 

the foregoing table the dimensions scotti are taken from the skeleton, No. 
10,885, the Princeton Museum and those mortoni are from the skeleton, No. 11,323, 
from Weld County, Colorado, the American Museum, which very complete and sin- 
gularly free from crushing; this young adult, with and process eruption, 
and all the bones each skeleton are single individual. 

Horizon: Chadron. 

Locality: Big Bad Lands, So. Dak.: mortoni, Weld Co., Color. 


Archaeotherium crassum (Marsh) 


Elotherium crassum Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 487, 1873. 
Archaeotherium crassum Troxell: Ibid., 4th Ser., Vol. 375, 1920. 


This species seems distinct, the sub-orbital processes are unlike those any other 
species, their long, narrow, and thick shape and straight downward and forward projec- 
tion. constant, this undoubtedly ground specific distinction. The species 
interest, because was the first which the extraordinary, dependent suborbital processes 
were observed. 

Troxell’s diagnosis follows: but thick dependent process with width 
about one fourth the length and having sigmoid curve; the tip turned backward 
rounded lobe; thin edge extends forward; the process hangs from not far back the rear 
line the orbit, and all its parts are rounded oval and not flat; slender processes form 
the suture between the jugal and the temporal and that from the jugal does not reach the 
glenoid cavity, cf. clavus; this cavity, the edges which are not sharp, wide, rather 
than long and rounded and more nearly symmetrical than they are ordinarily.” (Troxell, 
op. cit., The dimensions the table below are taken from Troxell’s paper (pp. 
375-6) and are partly his own, partly repeated from Marsh’s original description. 


MEASUREMENTS 
Lower canine, ant.-post. diam.......... 32.5 mm. Malar process, length below orb...... 202.6 mm. 
Lower canine, transverse diam......... 28.5 Malar process, least width........... 
Humerus, width Malar process, greatest width, dist..... 
Radius, width Malar process, least thickness........ 
Tibia, width prox.end............. 


These figures show that crassum was one the larger species those older than the 
upper Brulé; the form the suborbital process unique. 
Horizon: Cedar i.e. lower Brulé. 


Locality: Colorado. 
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Archaeotherium wanlessi Sinclair 
(Plate XL) 
Archaeotherium wanlessi Sinclair: Proc. Amer. Philos. Soc., Vol. LX, 472, 1921. 


The genera and species the Entelodontidae are fairly well known the Chadron and 
the upper Brulé, but those the lower Brulé are still much confusion despite the work 
Troxell and Sinclair. This because the extreme variability that makes the drawing 
satisfactory lines very difficult. Archaeotherium crassum appears very distinct and 
wanlessi, which the type-specimen very fine, undistorted skull (Princeton Mus. 
No. 12,522) with lower jaw attached and lacking only few teeth, seems also well- 
defined. may, course, referable the invalid ingens, but may half-a-dozen 
other species. Sinclair’s diagnosis is: 

Marked pecularities the dependent malar processes. These are short, wide, and 
thin, directed outward, downward and forward and vastly shorter than either crassum, 
marshi, which approach No. 12,522 most closely size. The antero-distal margin 
mm. thick, slightly everted and almost right angles the distal border, which 
gradually thickens backward, due broad swelling whose center about mm. above 
the distal end the process, where maximum thickness mm. attained. 
its greatest antero-posterior expansion the process mm. wide. 

The structure the zygomatic arch. its narrowest part the arch but 
mm. wide and the jugal process slender, reaching the front margin the glenoid cavity, 
but not taking part therein. 

The character the first lower premolar, which said small and single- 
rooted marshi and large and double-rooted crassum. wanlessi has been 
lost both sides. Excavation the alveolus fails reveal any trace cross-septum, 
suggesting that this tooth was not only single-rooted, but fairly large, the alveolus measuring 
mm. antero-posteriorly. good-sized tooth, separated from mm. in- 
terval and from space mm. 

The size and shape the mental processes. These are rather small for such 
large skull. The anterior process has convex rugose surface, roughly elliptical oval 
outline, mm. long wide, separated from the body the ramus narrower neck, 
mm. wide front, but thinning out edge behind and curving downward and out- 
ward. The posterior process low conical outgrowth, broad the base, with blunt 
tip, and curving downward, outward and finally op. cit., pp. 472-5.) 

the table below the measurements the type, No. 12,522, are taken from Sinclair’s 
paper; those No. 12,550 are from mandible the Princeton collection labelled 
wanlessi Sinclair himself. 
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MEASUREMENTS 
P.U. No. P.U. No. P.U. No. 

12,546 12,550 12,522 
mm. mm. mm. 
Skull, length occ. cond. incis. 562 
Width lower jaw behind ant. ment. 
Ant. mental tubercles, width 92.5 
152.5 
Zygomatic proc. squamos., length from glen. cav................. 
Upper canine, ant.-post. diam. base enamel................... 
Lower canine, ant.-post. diam. base enamel.................. 
Lower canine, transverse diam. base enamel.................. 


No. 12,546 was referred Sinclair crassum. 


Horizon: Lower part Lower Brulé (type). 
Locality: Head Indian C’k., Pennington Co., So. Dak. (type). 


Archaeotherium sp. indet. 
Cf. Elotherium ingens Leidy: Ext. Mamm. Faun. Dak. and Neb., 192. 


his last account the White River entelodonts Leidy writes: ‘‘The collections 
Dr. Hayden contain fragments jaws and teeth, found association with the fossils 
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Elotherium Mortoni the Mauvaises Terres, which appear too large belong this 
species, even making allowance for considerable range These referred 
ingens, adding prepared admit that these larger fossil remains may have 

still larger species Elotherium than either the preceding perhaps indicated 
the greater portion canine tooth. the perfect condition the tooth has probably 
measured about seven inches length along its anterior curvature. 

little doubt that they indicate least two distinct species. The tooth just described 
may have been that old male ingens, may indicate third species 
the (Loc. cit.) 

Hayden his list White River mammals enumerates mortoni, ingens, and 
large variety the latter, all them placed what now called the Brulé. 

While annoying leave many loose ends, seems better wait until sufficient 
material has been obtained make practicable the classification these nondescript 
specimens, some them fine skulls, which fit into none the preceding species, rather than 
multiply names, which may merely increase the list synonyms. 

will useful enumerate, with brief descriptions, the more important these 
unnamed specimens. the American Museum are three very perfect skulls large size, 
one which (No. 572) perhaps referable Megachoerus and will considered under 
that genus. and somewhat smaller skull (No. 571) may variant crassum, 
but the suborbital process different from Troxell’s figure the holotype that species 
(op. cit., Fig. 373) make the reference questionable the absence transitional 
forms. this New York specimen the suborbital process unlike that any other 
known entelodont, its relatively great length, narrowness and thinness, very different 
from the club-like process crasswm, which may, nevertheless, prove variety. 

The second very large skull (A.M.N.H. No. 571) catalogued ingens, 
Metamynodon and might referable wanlessi, were not for the much 
longer and differently shaped suborbital process and this, again, may merely instance 
individual variability. The size and shape the suborbital processes affect the appear- 
ance the skull profoundly and the differences due sex and age may allowed for, but 
the limits individual fluctuation are still determined and until that has been ac- 
complished, the determination species will remain unsatisfactory. 

the Princeton collection are some unusually large individuals from the 
Oreodon one these (No. 13,674) consists series upper-teeth, p2—m3; 
isolated and the length the diastema behind conjectural. The interesting feature 
these teeth, which might belong any one several species, their occurrence the 
lower part the lower Brulé. 


MEASUREMENTS 


~ 
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ENTELODON Aymard 


Entelodon Aymard: Ann. Soc. Agr. Sci., Arts Comm. Puy, Vol. XII, 1846. 
Elotherium Pomel: Archiv. Sci. Phys. Nat., Bibl. Univ. Genéve, Vol. 307, 1847. 


Were not the skull the European species this genus practically unknown, should 
advocate the reference the American species Archaeotherium Entelodon. From the 
comparison known material, the only significant difference observed the form p4, 
which Archaeotherium trihedral, with grooved anterior face, and Entelodon quadrate 
and ungrooved. 

?Entelodon coarctatus (Cope) 
?Entelodon mortoni Cope: Amer. Natural., Vol. XIX, 163, 1885. 
?Elotherium Cope: Ibid., Vol. XIII, 151, 1889. 
coarctatum Cope: Ibid., 629. 
Elotherium arctatum Cope: Contrib. Canadian Palaeont., Vol. III, 20, 1891. 
Archaeotherium coarctatum Peterson: Mem. Carnegie Mus., Vol. IV, 53, 1909. 
Entelodon coarctatus Troxell: Amer. Journ. Sci., 3rd Ser., Vol. 249, 1920. 


reading the subjoined original descriptions this species, should remembered 
that Cope made use the method, now obsolete, numbering the premolars forward from 
the molar series; modern practice reverses this method. 

coarctatum sp. nov. Represented left mandibular ramus with con- 
dyle, which supports all the molar teeth. The species differs from the [sic], 
with which agrees nearly size, having all the premolars series uninterrupted 
diastemata except very short one between iii and and second premolar 
[p3] the most elevated, and the third and fourth and are abruptly smaller. The 
fourth has one compressed, grooved root. The molars are peculiar having the two 
anterior cusps elevated above the three posterior ones, Mioclaenus The posterior, 
fifth, tubercle well developed, especially the (Cope, Amer. Nat. 1889, 
629.) fuller description was given the Canadian Palaeontology, 
Vol. III, 20, when, without explanation, the specific name was changed arctatum: 
left mandibular ramus which supports all the molar teeth, but lacks the 
canines and incisors and its inferior border anterior the first [p4]. From the last 
circumstance results that the presence character the mandibular tuberosities cannot 
ascertained. Some separate molar teeth have recorded above the mortoni, 
which the nearly allied. 

present species little inferior dimensions the and magnum 
and differs from the former the absence diastemata between the premolar teeth 
except very short one between the third and fourth [p2 and latter separated 
very short space from the canine. The second premolar [p3] larger than the first 
and the third and fourth [p2 and are abruptly smaller than either. The latter has 
but one, compressed, laterally-grooved root. The crowns all the premolars are com- 
pressed and have fore-and-aft cutting edges. The true molars are peculiar the elevation 
the anterior part the crown two tubercles above the posterior part. The latter 
consists three tubercles, the third posterior median tubercle being better developed 
than the especially the last molar. the jaw adherent block 
conglomerate rock, only the internal sides the teeth are visible. These are without 
cingula and the enamel the molars smooth, while that the premolars wrinkled. 
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wide space separates the base the coronoid process, which low, from the last 


tooth. line with the crowns the molars. The ramus compressed and 
not very deep. 


MEASUREMENTS 


Length from condyle edge canine alveolus................... 295 mm. 
Longitudinal 


species interesting presenting more primitive character than the American 
species far known, the closely placed premolar teeth. The form the true molars 
also more primitive the elevation the anterior pair cusps, almost resembling some 
Mioclaenus this respect. The large fifth tubercle has similar significance. The type 
specimen was found Mr. Weston near the head the Swift Current Creek 
August op. cit., pp. 20, 21.) 

With the exception Sinclair, students this family have emphasized the distinct- 
ness this species. Peterson wrote: ‘‘The type figured clearly indicates this 
species 


Troxell was impressed with the unlikeness this other American species, that 
referred the European genus. 

coarctatus Cope undoubtedly quite distinct from any other American 
species and from the observations which follow, apparent that any our entelodonts 
are closely related magnus France, this specimen described long ago 
Professor Cope. 

two species magnus and coarctatus) are shown similar the sub- 
joined table ratios: coarctatus relatively rather small indicated the ratio 
66.9 per cent, while both and are comparatively large with the ratios and 80.6 
per cent. The relation and each case identical. 

resemblances between the two are: the very small diastemata their absence 
between the premolars, the first premolar small and single-rooted, crowns premolars 
wrinkled and compressed, with cutting edges fore and aft. The main known differences 
between the two species are: the relatively larger size general and particular, and 
the seemingly rougher teeth and well-developed cingula magnus. These differences 
certainly cannot mark greater variation than that species and would replace the 
American form under the old name (Troxell, op. cit. 249.) 


Peterson, A., Mem. Carnegie Mus., Vol. IV, 55. 
Troxell, L., op. cit., 249. 
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did not accept the reference this species the European genus. view 
the comparisons fair presumption that the Cypress Hills form, from its resemblance 
the South Dakota and Nebraska skulls the matter crowded lower premolar dentition 
and other features, should properly referred Archaeotherium rather than 

The whole aspect the type-specimen coarctatus and the shape and position 
the premolars strikingly recall the French species, magnus, Troxell and others have 
emphasized, yet the fossil too incomplete for any definite decision this question. 
should, opinion, tentatively assigned the European genus, until can shown 
that belongs with the American forms. This species may not have had the conspicuous 
tubercles the lower jaw which characterize all the other American forms. they were 
present, however, they must have had different position from that seen the other 
species, for enough the jaw remains show that tubercles were present the parts 
corresponding their position the other species. 

very unfortunate that the material from the Cypress Hills should fragmentary 
nearly all The faunal list very short and yet suggests difference from the 
Chadron the United States and further suggests that the Canadian deposits are somewhat 
older than the Chadron South Dakota, Nebraska, and Colorado. That Montana, 
exemplified Pipestone Springs, likewise different from the Chadron faunas the 
more southern Plains States and may little earlier. Whether these differences are 
geographical geological, not yet possible decide, but the latter seems more likely. 
all events, the faunal distinctions suffice make probable the specific difference 
coarctatus. 

Horizon: Chadron. 

Locality: Near head Swift Current Creek, Hills, Provinee Saskatchewan. 


?Entelodon cf. magnus Aymard. 
(Plate XLI, Fig. 


the American Museum fine skull large entelodont (No. 571), lacking the 
lower jaw, but remarkably free from distortion. definition, this skull referable 
Entelodon, even though should prove eventually that Leidy’s term, Archaeotherium, must 
retained for most the American species the subfamily. long the skull and 
mandible the French entelodonts remain incompletely known they are present, 
will not possible solve this problem nomenclature. 

the specimen above mentioned (A.M.N.H. No. 571) the upper teeth are very large 
and strongly resemble those the European Entelodon magnus, though most unlikely 
that this skull should actually referable that species, which considerably exceeds 
size. the White River beds there are several mammals which must assigned 
European genera, but instance known species which common the two conti- 
nents. that this animal was late migrant from Asia, but, view the 
vigorous development and diversification, which were much greater America than 
the Old World, more probable that this indigenous species and that its likeness 
magnus the result. convergence. 

present, therefore, comparison can made only the upper cheek-teeth, for No. 
571 has lower jaw and the French skull-fragments are too uncharacteristic service- 


J.: Proc. Amer. Philos. Soc., Vol. LXI, 56. 
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able. Inthe American Museum collection excellent cast upper jaw magnus, 
with all the cheek-teeth, from the Oligocene Ronzon, and these agree closely with the 
American specimen, which nearly the whole upper dentition preserved. 

The only incisor 571 i2, but this tooth and the alveoli the others show that the 
incisors projected downward, with hardly any forward inclination, and that was very 
large, much exceeding and diameter and, doubt, height. The very heavy 
canine tusks indicate that this the skull old male. the species Archaeotherium, 
described the following pages, the two upper tooth-rows are very nearly parallel, and, 
consequence, the bony palate almost uniform width, but this skull there 
distinct forward divergence the tooth-rows, making the palate wider the line the 
canines than that m3. 

the smallest the premolars and implanted close the canine and separated 
space from p2, magnus and, also that species, followed without 
diastema p3, all the cheek-teeth from inclusive being close-set. the high- 
est the premolar series and very broad posteriorly, though without definite heel, 
this respect also being more like magnus than that Archaeotherium, defined 
Peterson, Troxell, and Sinclair. 

Particularly significant p4, which, the species referred Archaeotherium, so-called, 
triangular and has broadly open groove, depression, the anterior face. the 
skull the American Museum (No. 571) this tooth almost identical with that the cast 
Aymard’s species, being nearly square and broad internally externally. The 
molars are worn, that cuspidation obscured. 

The skull very similar that the larger species Archaeotherium, such 
marshi; the characteristic suborbital processes are long, broad, comparatively thin and 
plate-like and diverging strongly downward, but with little inclination forward backward. 


shape, they resemble considerably the processes displayed wanlessi, but are very 
much longer. 


MEASUREMENTS 
Upper dentition, length............... 408 mm. ant.-post. diameter............... mm. 
Upper canine, ant.-post. diam.......... ant.-post. diameter............... 
Upper canine, transverse diam.......... M3, transverse diameter.............. 
Upper cheek-tooth series, length........ 258 Skull, median basal length............. 611 
Upper premolar series, length.......... 150 Cranium, length oce. cond. orb....... 298 
transverse diameter............... Occiput, width base................ 229 
P2, ant.-post. diameter................ Skull width over glen. cav............. 436 
P2, transverse diameter............... Zygomatic arch, length................ 233 
P3, ant.-post. diameter................ Suborbital proc. jugal, length........ 221 
P3, transverse diameter............... Suborbital proc. jugal, width........ 108 
P4, ant.-post. diameter................ Suborbital proc. jugal, 
P4, transverse diameter............... Palate, length med. line............. 354 
Upper molar series, length............. 106 Palate, width canine....... 


Herizon: Lower Brulé, 
Locality: Big Bad Lands, So. Dak. 
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LARGE ENTELODONTS THE BRULE 


The large representatives the family the upper Brulé have been found almost 
entirely the sandstones the Protoceras Channels and they mark very great change from 
the lower Brulé and the Chadron. Aside from coarctatus, the generic status 
which uncertain, all the species the two substages mentioned, with one doubtful 
exception, are referable the genus Archaeotherium, which has not, yet, been definitively 
identified the upper Brulé. present all these later beds, relatively rare and 
quite overshadowed the very large animals which are characteristic the final phases 
the White River. 

Not only are these relatively immense creatures remarkable for their size, but even 
more for the grotesque appearance their skulls, which the peculiar bony outgrowths 
are hypertrophied the point monstrosity. These peculiarities were already sufficiently 
monstrous the lower Brulé and the Chadron, exhibiting some the strangest skulls 
known any mammalian group, but, the upper beds, the entelodont skulls are more 
bizarre than any time before after. the mandibular tuberosities reach 
their known maximum; Megachoerus and Scaptohyus, these tuberosities are relatively 
small, but, the former, the suborbital processes find their extreme development and, 
the latter, the skull which not known, the enlargement the lower canine and pre- 
molars extraordinary. 

the subsequent genera the John Day and lower Miocene, the processes are much 
more moderate and the gigantic Miocene Dinohyus they are hardly half large 
Megachoerus. exception the John Day Chaerodon, persistent but modified form 
Megachoerus. 

Megachoerus Troxell 


(Plate XLI) 
Megachoerus Troxell: Amer. Journ. Sci., 3rd Ser., Vol. 431. 


Troxell’s account this remarkable genus may quoted ‘‘In addition 
the fact its great size, this unusual elothere has the relatively largest dependent process 
described specimens. its extreme breadth measures 136 mm., while that, the 
gigantic Dinohyus would measure about half much. The process unique also that 
swings posteriorly wide sweeping curve, that its greatest antero-posterior dimen- 
sion would about 200 mm. Looked from front, shows merely rather thin strip 
running from the orbit and for most its extent not thicker than mm. Only the 
point sending off the process join the temporal does thicken about mm.; 
thin the margin. 

across the tips the dependent processes, the width the skull would 
something over 600 mm. and the length estimated 750 mm. 

posterior process from the malar bends down joins the temporal; thin 
the outer side and straight, but the inner side curved strongly downward, and the 
tip actually forms part the surface the glenoid cavity. The distance from the notch 
the orbit mm. 

anterior process from the temporal triangular section, probably had sig- 
moid lower border and apparently extends slender point; deep and the distance 
from the glenoid surface its upper internal angle mm. 
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vertical outer edge the temporal very slender above the condyle and has 
distinct depression posteriorly, bounded narrow margin extending backward. 

infraorbital foramen lies over the middle and directed upward only 
slightly. The superciliary border heavy, but front the orbit the rim thinner. 
Unlike most entelodonts the frontals form great smooth planes; Dinohyus has deep de- 
pression just front the parietal boundaries and other genera have deep foldings and 
rugose surface. this specimen very faint ridge defines the frontals posteriorly and 
there are foramina. 

teeth some respects seem resemble those hollandi, rugose, angular, 
very small, two-rooted and directed strongly forward indicated the 
alveolus. rather stout, leans slightly forward, convex both sides, strongly 
the outer; and pitted posteriorly; not curved backward nor inward. The widest 
part just beyond the cusp and narrows abruptly before and behind. separated 
from about mm. and from mm. pyramidal, very angular, but 
rounded the outer side; doubly convex, narrow the anterior end and very wide 
posteriorly. much pitted the inner and back surfaces, with strong ridge the 
former and the rear outer corner, but posterior heel. Below the cingulum there 
smooth enamel band around the base. 

four its general form bears resemblance other genus present, three 
sides form right lines, but the inner curved; especially important the absence the 
anterior notch uniformly found the family. The tooth wider than long (34 
completely encircled with cingular ridge (except short space the outerside) 
which posteriorly heavy and has sharp longitudinal valley deeper the rear side. 
The straight anterior side this tooth resembles that the much smaller Entelodon magnus 
Europe. 

first molar irregularly squared, the anterior side rounded, the exterior bilobed. 
Postero-internally, the sides combine smooth curve, except that the root there 
sharp corner. The inner side vertical and the tooth not wider the roots 
latidens. The cingula are strong and especially notable exteriorly and interiorly between 
the lobes. 

second molar subquadrate little wider front and, the outer side postero- 
internally, the corner are widely separated and the proto- and meta- 
conule and also metastyle and mesostyle can seen. Though the outer cusp seems 
arise from the cingulum, still the hypocone and shows the source its development. 
The internal cusps, especially when slightly worn, form lophs and resemble those some 
perissodactyls. This tooth, little larger than M1, has length mm. and width 
42.5 anteriorly. 

third molar roughly triangular, having all the corners rounded off. The sides 
are straight the front and outer faces and form acute angle because the prominence 
the base the paracone. The cingulum strong anteriorly, but there none internally. 
The protocone slightly front the mid-line; the protoconule hardly more than 
small ridge; the hypocone weak but stronger than the cingular cusps; the metacone 
small and worn and the heel very 

Troxell summarizes the characters which separate Megachoerus from all other American 
genera thus: ‘‘The small separated from long diastema, the less deep valleys 
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the molars and the low cusps, the strong angle the inner face P3, the very irregular and 
pitted premolars, the great breadth the nose anterior the orbits, the broad smooth 
frontals, without foramina and especially the lack notch the anterior side 
and the extraordinarily large and oddly shaped dependent processes from the zygomatic 

second skull, fortunately, with the right ramus mandibuli attached, the Princeton 
Museum (No. 11,156) and has been described and figured Sinclair,! who says that the 
Princeton specimen shows differences from the type except such are individual, 
perhaps, sexual. The most striking such differences the thickening the distal end 
the dependent suborbital process and the presence longitudinal convexity the inner 
side. The frontals differ having posterior depression, with two Speak- 
ing the suborbital process the jugal, says: ‘‘There the same peculiar wing-like 
shape and backward sweep these great structures, the type the genus and the 
shape and relation the posterior jugal process the glenoid cavity, into the formation 
which enters. the shape the anterior process the temporal and the shape and 
position the infraorbital foramen there also close agreement.”’ 

characters the upper dentition agree almost our specimen 
was small and directed forward, but whether single- double-rooted cannot ascertained 
from the empty alveolus. extensive injury, sustained during life, obliterated all trace 
teeth and their alveoli the right side from canine p2, inclusive. the left side 
missing, but was preceded diastema mm. and followed space mm. 
more. pyramidal, but not noticeably angular, rounded the outer side, wider 
posteriorly than front and broadly concave the base internally. The ridging and 
pitting the crown mentioned Troxell have been largely obliterated wear; but traces 
remain. there ever was heel, has been lost ‘‘The anterior notch 
p4, absence which was noted Troxell, but slightly indicated, and the tooth 
little smaller antero-posterior diameter than his specimen (28.5 mm. antero-post. 
34.5 trans. compared with 34). slightly different dimensions (42 ant.- 
post. mm. trans. compared with 42.5 the Yale 

the lower jaw the incisors are small and procumbent; the canine very large and 
has forward inclination. The first premolar single-rooted and close the canine 
Pelonaz, large, double-rooted tooth, with antero-posterior diameter almost equal 
that p3, and isolated wide spaces front and behind, mm. before and 21.5 mm. 
behind, which very unlike Pelonaz, which this tooth small and either single-rooted 
(P. ramosus) double-rooted (P. potens). very large tooth and seems small 
comparison with it, but has good-sized heel. The molars are worn that description 
not worth while. 

The form the mandible shows that Megachoerus not identified with Pelonaz; 
the symphysis relatively short and almost procumbent; the horizontal ramus compara- 
tively shallow and the tuberosities altogether different. The mental processes have 
posterior position, canines and incisors projecting far front them; they are incompar- 
ably shorter than but are massive and well-developed, with enlarged and rugose 
distal ends, each connected with the jaw trihedral neck with concave faces. The 


Proc, Amer. Philos. Soc., Vol. LX, pp. 
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posterior processes are likewise far smaller than Pelonaz, but stout and having roughened, 
bulbous tips. 


Megachoerus zygomaticus Troxell 
(Plate XLI, Figs. 1a) 


Megachoerus zygomaticus Troxell: Amer. Journ. Sci., 3rd Ser., Vol. 431, 1920. 


Until the status the other species referred this genus (M. latidens Troxell) shall 
have been established, will not practicable distinguish between generic and specific 
characters displayed these two remarkable skulls. The Princeton specimen would 
seem have pertained old male and doubt the loss the right upper teeth (canine 
p2, incl.) was the result savage fight, for the loss was obviously sustained during the 
lifetime the animal, the alveoli the missing teeth being all filled with bone and the 
hard palate having repaired whatever shattering had been caused violent removal 
the teeth. Sinclair pointed out, the pugnacity the entelodonts demonstrated 
the many scars and fractures which skulls and ribs display. 

One feature which Sinclair mentions, but does not dwell upon, the extraordinary 
elongation the face and extreme shortening the cranium, exaggerating the proportions 
common the White River entelodonts. One would expect this generic rather than 
specific character. The measurements given below are from Sinclair and Troxell. 


MEASUREMENTS 
Type, Y.P.M. 
No. 10,108 No. 11,156 
Skull, length cond. incisor border........ est. 760 mm. 
Malar process, length from orbit.................. 339.5 
Malar process, max. width....................... 136 146 
Zygo. proc. squamosal, length from glen. cavity. 135 
Skull, width over tips suborb. processes......... 600 
Mandibular symphysis, length................... 
Upper premolar series, length.................... 186 194 
Lower premolar series, 218 
Lower molar series, 124 
M2, transverse diameter (anterior)................ 42.5 
M3, max. transverse diameter....... 
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MEASUREMENTS—C ontinued 


Type, Y.P.M. 

No. 10,108 No. 11,156 
MI, 
41.5 


Horizon: Upper Brulé. 
Localities: Type, No. 11,156, White River, So. Dak. 


Megachoerus latidens Troxell 
Megachoerus latidens Troxell: Amer. Journ. Sci., 4th Ser., Vol. 431, 1920. 


Both the generic reference and the stratigraphic position this species are uncertain. 
Troxell calls ‘‘a very large animal”’ and says: there preserved the central portion 
the skull with the molars and premolars except pl, and bothrami. These are the remains 
young entelodont which still retains some the milk teeth and which the last molars 
are just cutting 

Apparently, the characteristic zygomatic arch and process had been lost 
and this loss renders doubtful the reference Megachoerus, especially the fourth upper 
premolar, upon which Peterson, Troxell, and Sinclair had laid such stress, differs from that 
Megachoerus and agrees with that having the anterior face broadly 
grooved; this very large tooth, wider than long, measuring mm. The first 
molar, measures mm. antero-posteriorly 45.5 transversely. the mandible the 
horizontal rami are slender and the molars are very wide compared with their antero- 
posterior length. mm. antero-posteriorly mm. transversely; wider 
posteriorly than anteriorly (35 and 32.5 mm. respectively) and has fore-and-aft diameter 
39.6 mm. 

this species, Troxell writes: ‘‘It distinctly separated from all other known forms 
the equal size and great breadth the lower molars, the low, subequal cusps and 
open valleys and the wide, gradually sloping side The teeth are large those 
Dinohyus, but other dimensions show that the latter was one sixth (Op. cit., 

Horizon: Probably upper Brulé. 

Locality: Cheyenne River, few miles Battle Creek, So. Dak. 


Megachoerus praecursor sp. nov. 
(Plate XLI, Fig. 


the Museum are two fine, very large skulls, both labelled 
ingens”’ and from the upper part the lower Brulé. One these, No. 572, has suffered 
considerable distortion from lateral compression, but the left side nearly perfect and the 
mandible complete. Except for the median incisor, il, both sides, all the teeth are 
present excellent preservation. The shape the suborbital processes resembles that 


“4 


es > 
| 


THE AMERICAN PHILOSOPHICAL SOCIETY 


seen zygomaticus, but they are much smaller, would expected this strati- 
graphically older species. Another reason for referring this skull Megachoerus the 
form the fourth upper premolar, which agrees with that zygomaticus and differs 
from the shape usual having depression the anterior face. 
seems quite possible that this skull represents species which was ancestral Megachoerus 
zygomaticus, for comes from lower horizon, and the suborbital process such might 


well have given rise the hypertrophied structure zygomaticus, provided there were 
sufficient time. 


MEASUREMENTS 

Upper dentition, length 410 mm. Zygom. arch, length ant. bord. orbit. 284 mm. 
13, ant.-post. Suborb. proc. jugal, length.......... 294 
Upper cheek-tooth series, length........ 276 Suborb. proc. jugal, width........... 153 
Upper premolar series, length.......... 170 Suborb. proc. jugal, thickness........ 
Upper molar series, 112 Mandible, length fr. angle............. 640 
Lower dentition, length 421 Mandible, height condyle........... 219 
Lower cheek-tooth series, length........ 300 Mandible, depth m3................ 
Lower premolar series, length.......... 182 Mandible, depth p2................ 103 
Lower molar series, length............. 118 Mandible, thickness m3............. 
Skull, median basal length............. Mandible, length symphysis......... 180 
Skull, extreme length, supra occ. prmx. 767 Mandible, width symp. above ment. 


Horizon: Lower Brulé, upper part. 
Locality: Big Bad Lands, So. Dak. 


Sinclair 


(Plate XLIV, Fig. 
Scaptohyus Sinclair: Proc. Amer. Philos. Soc., Vol. LX, 480, 1921. 


The original description reads: differences both cranial and dental char- 
acters separate Scaptohyus from the other large entelodonts the Protoceras beds, with 
which cannot possibly confused adequate material for comparative purposes 
available. large upper incisors point vertically downward, unlike the Princeton 
specimen Megachoerus, and shape, are hemicones, flattened internally, the third grooved 


the outer side. but double-rooted, measuring mm. antero-posteriorly 


the alveolar border transversely and separated from the canine front mm. 
interval and from space 47-52 mm. long. The crown convex both sides, with 
finely rugose enamel, thicker front than behind, with acute edges front and rear, and 
curves slightly backward. There very slight cingulum both antero- and postero- 
internally. 

stouter and also double-rooted, convex both sides, curves inward, 
with weak cingulum front and rear and sharp cutting edge behind, but extending only 
half-way down the crown 

large, simple cone without heel. The crown has moderate cingulum 
internally, broad cutting edge posteriorly and many vertical ridges and furrows running 
length-wise, both front and rear. The enamel rugose, the crown slightly incurved and 
the tooth almost contact with p4. 
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has two high cones, which the deuterocone slightly the higher. The 
crown much wider externally because the strong indentation anteriorly Archaeo- 
The outer and back sides are square, the inner side rounded and the front broadly 
notched. The cingulum very strong posteriorly with minor mammillations. Elsewhere 
less strong and continuous about the crown except for small space the inner 

the lower jaw, the upper, the incisors and canines require especial considera- 
tion because the light which they throw upon the habits the animal. 

small, double-rooted and laterally compressed, with sharp cutting edges front 
and rear and backward and inwardly curved crown. mm. back the canine and 
line with it, and out line with all the other 

rather small and double-rooted with very high, sharp-pointed crown 
curving slightly backward and inward and with sharp edge posteriorly. 

great tooth mm. antero-posteriorly the alveolar border the 
widest part the crown and rises mm. above the alveolar border front. single 
cone with heel, somewhat recurved, with strong posterior cutting edge and moderate 
anterior and posterior cingula, extending round the outer face the tooth. The enamel 
rugose and there are numerous minor vertical ridges and grooves above the base the 
tooth, both externally and internally. 

about high with prominent heel supporting minor cuspules and 
moderate cingulum continuous except for gap internally. The enamel rugose and there 
single posterior mammillated cutting edge the outer angle the crown. 

molar crowns though worn externally show that the cusps the trigonids are 
much higher than the talonids. The enamel rugose where not smoothed wear. 
equal width front and rear; the other molars are wider front. All have medium- 
sized hypoconulids, rugose masses not well differentiated from the posterior cingulum above 
which they rise. all, the entoconid smaller than the hypoconid. Anterior and 
posterior cingula are present, with strong remnants external cingula the ends the 
transverse valleys. the tip the antero-internal cusp bifid. The other molars 
are too worn show it, 

The upper incisors are conical and flattened internally; the lateral one, i3, the largest 
the series, but the disproportion not great many the other entelodonts. 
this particular individual there deep triangular notch worn the postero-external angle, 
the meaning which will considered below. the lower incisors only the median one 
the left side and two worn stumps, the right and the left, are preserved, but these 
suffice show that the lower incisors are much smaller than the upper ones and are obliquely 
inserted, inclining upward and forward. The stumps are teeth that had obviously been 
broken life, for they are smoothed and polished wear. The missing incisors had 
dropped out the jaw before fossilization, the alveoli are filled with matrix. 

The canines are massive and powerful tusks, heavy, pointed and slightly recurved, 
upper and lower ones are nearly the same size, but the lower canines are implanted outside 
the line cheek-teeth, except and diverge strongly; seen from the front, the chin has 
fanciful resemblance cow’s head, the diverging tusks being the horns. The right lower 
canine has well-defined groove worn the posterior side the base the crown and the 
first premolar, pl, has similar but smaller groove. These notched and grooved teeth 
could not have been abraded any other teeth, for other tooth could reach the 
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points abrasion. The late Professor Brackett suggested explanation which 
almost certainly the true one, for covers all the facts. This the effect that Scap- 
tohyus was digger and that the notches and grooves were caused roots, which, fast the 
ground both ends, were looped over the teeth, which pulled until the root gave way. 
Small roots, covered with sand, grit, would wear just such marks the teeth display. 
other genus entelodonts has this peculiar mode wear been observed. 

But single species Scaptohyus known and only the type-specimen has yet been 
found; this consists muzzle with all the antemolar teeth one side the other, except 
the median incisor, and complete mandible association with it. The lower jaw has, 
however, been ‘‘telescoped”’ and shortened antero-posterior crushing, which has jammed 
the premolars and molars together and strongly everted the ascending rami. the side 
view (Pl. XLIV, Fig. 3), the shortening has been far corrected restore the natural 
occlusion upper and lower teeth. The chin very flat and more nearly vertical than 
any the other known entelodonts; presumably this verticality has been increased 
the antero-posterior compression, but not any great degree. Dorsally, the chin made 
very wide the prominent sheaths the canines and contracts much ventrally. The 
mental tuberosities are greatly reduced size and are far forward possible; Sin- 
clair’s phrase, merely accentuate slightly the corners the great quadrangular 
The symphysis short comparison with its height. 

The posterior pair mandibular tuberosities arise beneath and and are very much 
more prominent than the mental pair, are thin and uniform width and project obliquely 
forward. The horizontal rami are long and massive and nearly uniform depth except 
for the tuberosities; the ascending ramus given unusual height the great development 
the American entelodonts, the coronoid process widely separated 
from the condyle broad and shallow sigmoid notch. The condyle set upon long 
neck, projecting far behind the angle and presenting obliquely upward and backward. 
all, this highly characteristic mandible, unlike that any other known entelodont. 


Scaptohyus altidens Sinclair. 
(Plate XLIV, Fig. 
Scaptohyus altidens Sinclair: Proc. Amer. Philos. Soc., Vol. LX, 480, 1921. 


this the only known species the genus, description other than the dimensions 
will required. 


Upper canine, ant.-post. diam.......... P2, transverse diam................. 
Upper canine, transverse diam......... 54.5 
Upper premolar series, length......... 235 transverse diam................. 

P4, transverse diam................. 
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P4, transverse ant.-post. diam................. 
Lower dentition, length 423 transverse diam................. 

Mandible, width over can. alv........ 180 
Lower canine, ant.-post. diam.......... Mandible, width over ment. proc. 114 
Lower cheek-tooth series, length....... 319* Horiz. ram. depth m3............. 120 
Lower premolar series, length......... Coronoid proc. height............... 262 

31.5 


telescoped 


Horizon: Upper Brulé. 
Locality: Corral Draw, So. Dak. 


PELONAX Cope 
(Plate XLIV) 


Pelonax Cope, Ann. Rep’t. Geol. and Geogr. Surv. Terr’s for 1873, 504. 
Ammodon Marsh (in part), Amer. Journ. Sci., 3rd Ser., Vol. XLVI, 409, 1893. 
Elotherium Hay (in part, nec Pomel), Bull. Geol. Surv. No. 179, 656. 


This strange genus is, yet, known only from mandibles found the upper Brulé and 
entirely different from the lower jaw the two other genera very large entelodonts that 
substage, Megachoerus and Scaptohyus. Two individuals have been obtained; one, the 
type-specimen Cope’s ramosus the American Museum (No. 393) has mandible 
retaining both horizontal rami, but lacking the ascending ones and entirely without teeth 
except few roots and some loose crowns. The other the type potens (Marsh) 
the Peabody Museum, Yale University (No. 12,042), lower jaw, which are the last 
premolar and all the molars the left side. 

Cope proposed the genus because great size the tubercles the under side 
the mandibular ramus, especially the anterior pair, the first and second the four 
premolars are separated diastema and have but single root, the tubercles 
the molars are low the last molar two-lobed and rather 

Troxell defines ‘‘the Pelonax potens thus: ‘‘This group takes for its center the 
holotype Marsh’s potens, which the principal features are: The unusually large 
mental tubercles, both anterior and posterior; the very short symphysis; the deep rami set 
closely together, the single-rooted and very small two-rooted and the broad P4, 
with short, narrow heel and finally the well-developed talonids the lower molars.” 
(Op. cit., pp. 452-3.) 

other known entelodont are the tuberosities the mandible all comparable 
with those the lower jaw known each the other genera the upper Brulé, 
Megachoerus and Scaptohyus, and that Pelonaz not the least like that either them. 
The characteristic processes are somewhat different the two species, but are the same 
unique type. The mental processes are extremely long proximo-distally, broad antero- 
posteriorly and laterally compressed; they project downward, forward and outward, but are 
not nor the distal end notably thickened and bulbous. position, they are 
unusually far forward and, ramosus, seem project front the incisors. The 
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posterior pair processes are, usual, much smaller than the mental pair, but are yet 
very prominent, more than any other genus the family. They are placed very far 
back, arising beneath the molars. The chin ascends steeply from border and 
the incisors must have been erect. The horizontal rami are relatively deep and diminish 
depth forward but little. 

The mandible which comparable size that Pelonaz, 
displays the strongest possible contrast form; the horizontal rami are shallow and weak- 
looking and narrow forward the procumbent chin and long, depressed, shallow symphysis. 
The mental processes are more posterior position, project almost directly outward, and 
are strongly and end bulbous enlargements. The posterior pair tuberosities 
are also upcurved and distally thickened. 


Pelonax ramosus Cope. 
(Plate XLIV, Fig. 


Elotherium ramosum Cope: Bull. Geolog. and Geogr. Terr’s No. 27. 
Pelonax ramosus Cope: Ann. Rep’t. Geol. and Geogr. Surv. Terr’s 1873, 463. 
Ammodon bathrodon Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVI, 408, 1893. 
bathrodon Peterson: Mem. Carnegie Mus., Vol. IV, 57, 1909. 


This the larger the two species, exceeding potens (Marsh) sixth (fide 
Troxell). Very little known the teeth, but, from the alveoli, clear that both 
and were single-rooted and that was very narrow transversely, but relatively extended 
antero-posteriorly; had cylindrical root and the molars are comparatively small. 
The mental tuberosities are extraordinarily large, larger than any other known entelodont, 
both length and breadth; they extend obliquely downward and strongly forward that 
they seem project front the incisors, though this not certain for the alveolar border 
has been broken off and lost. The posterior tuberosities are placed far back, beneath the 
molars, and are much smaller than the mental pair, but are, yet, very prominent and antero- 
posteriorly extended. The horizontal rami are vertically deep, more front the 
posterior tuberosities than behind them.—The type A.M.N.H. No. 393. 


MEASUREMENTS 

Lower canine, width mm. mm. 
PI, ant.-post. diam. (root)........... 37.5 Mandible, length cor. proc. 519 
PI, transverse diam. (root)........... Mandible, breadth behind 107 
P2, ant.-post. diam. Mandible, breadth behind m3.......... 240 
P2, transverse diam. (alv.)........... Mandible, depth p2................ 117 
P3, ant.-post. diam. (root)........... Mandible, depth m3................ 120 
P3, transverse diam. (root)........... Mandible, ant.-post. diam. ment. tub.... 
Mandible, transv. diam. ment. tub...... 
transverse diam.. .............. Mandible, length ment. tub.......... 
Mandible, post. tub. ant.-post. diam..... 

Mandible, post. tub length............ 


Horizon: ?Upper Brulé. 
Locality: Eastern Colorado. 
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Pelonax potens (Marsh) 


Ammodon potens Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVI, 408, 1893. 
Pelonax potens Peterson: Mem. Carnegie Mus., Vol. IV, 60, 1909. 


Troxell has followed Peterson the manifestly correct course referring this species 
Pelonax. Judging from the two only available specimens, the two species are well dis- 
tinguished, but sexual and individual differences cannot estimated from such limited 
material. The mental tuberosities are very long and extend downward, and forward and 
outward almost equal degree, much less strongly forward than ramosus, the chin 
projecting well front them; they are also narrower and thicker and oval cross-section. 
The posterior tuberosities are laterally compressed and are longer, but less extended antero- 
posteriorly than ramosus. The horizontal ramus deeper than the latter species, 
especially behind the posterior tuberosity. 

Troxell describes potens follows: ‘‘The first premolar situated close the 
canines and single-rooted. The second premolar double-rooted, but because the roots 
are small and not deep-set, one supposes the tooth was vestigial. Premolar three heavy 
double-rooted tooth strongly sloping backward. also heavy tooth, with small 
protocone bounded before and behind definite shelves. 

first molar much smaller than the others, but they are all similar form, having 
strong fifth cusps, heels. The valleys are rather wide open and the anterior tubercles, 
like those Archaeotherium, are high. The anterior and posterior halves the tooth 
each case are about equal width. small diastema, separates from P1; 
and are separated about mm. 

jaw very narrow measured across the diastema behind P1, mm.; the 
symphysis relatively short, 158 mm., but the rami are deep relative their length; the 
depth below mm., and that below 106 op. cit., pp. 

Horizon: ?Upper Brulé. 

Locality: Eastern Colorado. 


Suborder II. ANCODONTA Matthew 


Bunoselenodontia (in part) Stromer: Lehrb. der Bd. II, 197, 1912. 
Ancodonta Matthew: Bull. Geol. Soc. America, Vol. 40, 246, 1929. 


Matthew’s definition this group is: large group including the old bunoselenodonts, 
with the Caenotheridae and Oreodontidae which have the four-toed short feet the pig 
group, but partly wholly selenodont molars, various specializations the front teeth 
and somewhat various construction the molars—some with five and others with four 
cusps. open question whether these form unit group, although the two extreme 
types, anthracotheres and oreodonts, show good deal community skeleton characters 
and have been admitted most authors related. Provisionally they may united.”’ 

One item this definition erroneous, ‘‘the four-toed short both anthra- 
cotheres and the early oreodonts have pentadactyl manus; the feet the Miocene anthra- 
cotheres, Arretotherium, are not known, but, presumably, they were four-toed. 

The present writer prefers separate the oreodonts and agriochoerids from the anthra- 
cotheres, believing that the likeness the bothriodont subfamily the anthracotheres 
partly due convergence and is, part, merely the retention, the three families, 
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certain primitive characters common all early artiodactyls and, therefore, not indicative 
subordinal relationships. 


Family Leidy 


Anthracotheridae Leidy: Journ. Acad. Nat. Sci. Phila., (2) Vol. VII, 202, 1869. 
Anthracotheriidae Gill: Smithson. Mise. Coll., Vol. XI, Art. 1872. 
Hyopotamidae Kowalevsky: Palaeontographica, Bd. 131, 1873. 
Ancodontidae Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVIII, 178, 1894. 


The anthracotheres are Old World family, which are assigned several Eocene, 
Oligocene, and Miocene genera found the three continents Arctogaea. They are 
very limited range the history North America, from the basal substage (Chadron) 
the White River through the lower Miocene (Gering and Harrison stages). They may 
advantageously divided into two subfamilies, the anthracotheres (sensu stricto) which 
the cusps the upper molars are pyramidal, and the bothriodonts, which these cusps 
are crescentic. Aside from certain questionable fossils the middle Eocene (Bridger 
stage) member the anthracotherine subfamily has been found North America, 
though species itself have been mistakenly reported from White River 
beds. Bothriodonts, the other hand, are not rare the White River stage, especially 
the Chadron and upper Brulé substages. Although the sub-family continued into the 
lower Miocene, has not yet been found the John Day. 

The Miocene genus the Arretotherium Douglass, which agrees with the Indian 
Merycopotamus having four-cusped upper molars, the unpaired, fifth cusp having dis- 
appeared. much more likely that arose North America descent 
from Bothriodon, than that immigrant from Asia and, so, the conver- 
sion the quinquetuberculate into the quadrituberculate upper molar must have taken 
place independently America and Asia. Precisely the same conversion occurred the 
agriochoerids and the merycoidodonts, the upper Eocene members which, Protoreodon and 
Protagriochoerus, had the five-cusped molar, while their Oligocene descendants, Merycoi- 
dodon and Agriochoerus, had the four-cusped pattern. thus altogether probable that 
this particular change took place four separate times, though the possibility must ad- 
mitted that Arretotherium slightly modified immigrant Merycopotamus. family 
includes two well-defined groups, which are usually regarded subfamilies, though might 
perhaps better give family rank each them. only one the groups has been 
found North America, this question need not discussed here and the general practice 
will followed. 

Subfamily ANTHRACOTHERIINAE 


The characteristic features this group appear the dentition and especially the 
upper molars, which are five-cusped, the unpaired element being the protoconule Osborn, 
which placed between the anterior pair cusps. The quinquetubercular molar-pattern 
common both subdivisions the family and many other primitive artiodactyl 
families. the form the cusps that distinguishes the two subfamilies; the present 
group the cusps are neither bunodont nor selenodont, but intermediate between the two 
types, having pyramidal shape, while the bothriodonts have distinctly crescentic cusps. 
addition, the incisors the anthracotherines are larger and the canines much more 
developed formidable tusks than most bothriodonts. 
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Subfamily nomen novum 
Hypopotaminae Gill: Smithsonian Miscellaneous Collections, Vol. XI, No. 230, 11, 1872. 


Gill’s term derived from Owen’s genus Hyopotamus and that name un- 
doubted synonym, becomes necessary adopt another term for the subfamily. Ob- 
viously, should taken from the typical genus, Bothriodon, which species occur both 
Europe and North America. addition Bothriodon, there are four other American 
genera the Oligocene and lower Miocene, which have not yet been found the Old 
World, though one these, least (Heptacodon), almost certainly originated there. 

fossils this subfamily are not common the White River beds, comparatively few 
palaeontologists have dealt with them. Nevertheless, great confusion synonymy has 
arisen among them, largely because unsuccessful attempts apply the European 
nomenclature American fossils and that nomenclature itself has been much confused and 
over-loaded with synonyms. Troxell prefaces his study ‘‘The American 
with the statement: ‘‘Seldom find instances genera that have been variously 
arranged and classified, synonymy and precedence that have been more discussed than 
those the group extinct artiodactyls which constitute part the Anthracotherinae, 
including the well-known names: Ancodus Pomel, Bothriodon Aymard, Elomeryx Marsh, 
Heptacodon Marsh, Hyopotamus Owen, and Octacodon 

endeavouring bring order out this chaotic condition, have received invaluable 
assistance from Professor Troxell’s paper, though cannot follow his determinations all 
respects. have had the advantage far more extensive material than was Troxell’s 
disposal, especially the fine series skulls the collections the South Dakota State 
School Mines, Rapid City, Princeton University, the University Michigan, and 


the American Museum Natural History, not mention the Marsh collection Yale 


University, which was the basis Troxell’s work and the use which has been most freely 
and kindly permitted us. 


Upper molars with five cusps, unpaired one anterior half crown. 

External crescents upper molars deeply concave, with apices carried over middle crown 
and widely separated cross-valley, which invades the very broad and convex meso- 
style. American species with parastyle small and metastyle lacking and diastema 
between canines and premolars. 

Posterior nares opening between little behind molars; canines small male American 
Posterior nares carried back tubular canal and opening far behind molars; 
canines males large and tusk-like with serrate posterior edge; rostrum medium 

II. External crescents upper molars shallow, with apices much nearer buccal side crown and 
with prominent median outer ribs; adjacent horns buccal crescents connected, with 
apices much nearer buccal side crown, mesostyle not invaded transverse 
valley; diastemata tooth-rows: rostrum short. 

External pillars, styles, conspicuous but relatively small and well separated; mesostyle 


All three styles hypertrophied, narrow the entrances the external valleys slits; 


Troxell, L., Amer. Journ. Sci., 4th Ser., Vol. pp. 325-348, 1921. 
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Matthew seems include Arretotherium the White River fauna, though has been 
definitely placed only the lower Miocene. Douglass leaves open the stratigraphic 
writes: was found fine sandy clay, near Blacktail Deer Creek, 
five miles north and east Dillon, the southwestern part the (i.e. Montana). 
Part rhinoceros skull was found near and, higher level, Palaeocastor hesperus. Such 
association fossils insufficient for determination the stratigraphic position, 
especially the was not generically identified. This occurrence more 
likely have been assignable the lower Miocene than the White River and the genus 
is, therefore, not included this study the White River fauna. 

Among the four genera this subfamily which have far been determined the 
White River stage, there considerable diversity teeth and skull, very little what 
known the skeleton. The description which follows chiefly drawn from 
brachyrhynchus and Bothriodon rostratus, which the differences are chiefly size and 
proportions. the Princeton University Museum large part the skeleton the 
former, which described Ancodus brachyrhynchus, and the American Museum 


there much the skeleton rostratus, which allows comparison the many parts 


the bony structure which the two specimens have common. 

The following description is, thus, derived from two genera and is, therefore, placed 
under the heading the subfamily. 

noted above, there some stratigraphic distinction the various genera; Hepta- 
codon runs through all three substages the White River stage; Bothriodon common 
the Chadron and the lower Brulé and has, yet, not been found outside the 
upper Brulé. but single specimen, the type Octacodon, known, which was col- 
lected the upper Brulé, its stratigraphic relations are indeterminable. 

Two the genera, Bothriodon and Heptacodon, appear together the Chadron and, 
possible ancestors these are known the American Eocene, they must both 
immigrants from the Old World, even though Heptacodon has not yet been found there. 
The status the other two genera, Elomeryx and Octacodon, questionable and not 
yet possible say whether they are immigrant, autochthonous, origin. 

usually the case, the determination the species this subfamily beset with 
difficulties and yet there are some indications that the species may eventually 
thus, accepting present knowledge value, Bothriodon americanus Chadron 
species and rostratus confined the lower Brulé. The remains Heptacodon, yet 
known from the Chadron and lower Brulé, are, for the most part, too fragmentary for specific 
determination, yet quadratus seems characteristic the latter. 
confined the upper Brulé and, very probably, Octacodon also. 

Dentition and Skull are characteristically different each genus, that they must 
separately considered. There fundamental similarity skull-structure throughout the 
subfamily, but with great differences appearance, which are chiefly occasioned the 
development the rostrum. the American and the European species Bothriodon 
the snout grotesquely elongated; moderately long, and Heptacodon 
decidedly shorter, and there are many differences detail. the other hand, the skeleton 
trunk, limbs and feet substantially the same throughout, though these bones had been 


Journ. Acad. Nat. Sci. Phila., Second Series, Vol. IX, pp. 461-97. 
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found Heptacodon and Octacodon, perhaps, more important distinctions would come 
light. 


VERTEBRAE, RIBS AND STERNUM 


Except for the tail, the vertebral column has the proportions which are generally 
found among the more ancient and primitive families both artiodactyls and perissodactyls, 
with short neck and elongate body; the tail indeterminable, for caudal vertebrae have 
been discovered, but from the size and form the last sacral, may inferred the tail was 
not long. This not primitive character, for the more ancient representatives nearly 
all the mammalian groups had very long and heavy tails, proportionally such the Leopard 
now has. The White River oreodont, Agriochoerus, has long and stout tail have the 
great modern cats, but this would seem not have been the case any the bothriodonts. 

The atlas relatively narrow transversely, elongate antero-posteriorly; the anterior 
cotyles are widely separated dorsally broad and deep emargination the neural arch, 
which strongly convex the transverse direction, and the neural spine represented 
prominent, rugose tubercle. lyrate area the arch, formed ridges, encloses the 
neural spine and descends abruptly the sides, which are perforated foramina for the 
first pair spinal nerves. The transverse processes, which are large plates, are not greatly 
extended laterally, nor are they produced far behind the articular surfaces for the axis 
they are Anoplotherium, the Pecora, though, otherwise, their shape not unlike 


seen the French genus. The processes would seem not perforated the 


canals for the vertebral arteries. The surfaces for the axis are but slightly oblique the 
median line the vertebra. 

The azis has long, broad and much depressed centrum, which but faintly keeled 
upon the ventral side and has hypapophysial tubercle. The anterior surfaces which 
articulate with the atlas are very broad transversely, extending out laterally much beyond 
the rest the centrum, but they are narrow vertically and are not produced dorsally 
enclose more than very little the neural canal. shape, these surfaces are saddle- 
like, slightly concave transversely and convex dorso-ventrally. are yet known 
the Chadron species, but those from the channel sandstones the upper Brulé, the 
odontoid process the axis has the shape which might almost called the White River 
type, i.e. intermediate between the conical, peg-like form, which most mammals display, and 
the scoop-like shape seen the ruminants. The process broad, flattened the dorsal 
and convex the ventral side. just noted, many unrelated groups White River 
ungulates have this transitional character: the horse, Mesohippus, the oreodonts, Mery- 


coidodon and Agriochoerus, the camel, Poébrotherium, the anomalous tylopodan, 


and the bothriodonts, all have similar modification the odontoid. The similarity must 
have been independently acquired and cannot have been due common inheritance. 
The posterior face the centrum the axis concave and broad, depressed and 
oblique the median line. The neural arch wide and high, enclosing large canal for 
the spinal cord; the neural spine like that Agriochoerus forming great plate, with 
convex and slightly thickened free border, anteriorly, projects over the atlas blunt 
hook. The postero-superior angle has been broken away the only available specimen, 
preventing determination its exact shape. The transverse processes extend widely 


from the centrum, projecting outward more than backward; these processes are obscurely 
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trihedral and are perforated the arterial canals, and their anterior ends are connected 
low ridges with the surfaces for the atlas. 

The other cervical vertebrae have moderately elongate and heavy, opisthocoelous 
centra, with oblique faces; they have faintly-marked ventral keels and the hypapophysial 
tubercles are either vestigial, absent. the series, the 7th the shortest and, next 
that, the 6th. proportionate length, the neck exceeds that Sus, Merycoidodon. 
The neural arches are broad and low and the pedicles are not perforated for the passage 
the spinal nerves they are the pigs; these pedicles are narrow and the zygapophyses 
very prominent. The zygapophyses the opposite sides the same vertebra are widely 
separated, while the anterior and posterior processes the same side are close together; 
this consequence the great transverse width the neural arches and the narrowness 
the pedicles. zygapophyses are very large, have nearly flat faces and present 
almost directly upward and downward, with but slight obliquity. The neural spines 
increase successively height from the 3rd the 7th; the 3rd cervical the spine 
low and inconspicuous ridge, while the 5th has attained considerable height and 
thickness. The transverse processes most resemble those common among the Pecora, 
aside from the differences due the less elongate centra. the 5th vertebra, the inferior 
lamella very large and two parts, much Merycoidodon, and the 
diapophysial element conspicuous the 6th. The latter has even larger 
inferior lamella, with thick and rugose free border. The 7th is, usual, without pleura- 
pophyses and the diapophysis long, stout bar, with slight upward curvature. All the 
cervical vertebrae, except the and 7th, have canals for the vertebral arteries. 

The dorsal vertebrae must have numbered least 13, for, one the specimens, 
that many ribs the right side are position. The nine anterior dorsals have centra 
almost uniform length, which have decided resemblance those deer; the 
and 2nd are the broadest and the most distinctly keeled. The spines are compressed and 
slender, with strong backward inclination, and are rather short, compared with those 
Sus, the larger Pecora. The transverse processes are great length, but they 
have very large facets for the tubercles the ribs. 

The lumbar region can have had less than six vertebrae, for that number, their 
natural connections, are preserved partial skeleton the American Museum. The 
trunk-vertebrae must, therefore, have been nineteen, least, and there reason 
suppose that that number was exceeded this genus, for nineteen dorso-lumbars are the 
normal artiodactyl formula. The centrum the lumbar long and dorso-ventrally 
deep, but slender, trihedral and contracted the middle; the hinder face slightly concave. 
Passing backward, the centra become more and more broadened and depressed, change 
which attains its maximum the 6th vertebra. spite this progressive difference 
shape, the first five lumbars have centra almost uniform length, while the 6th con- 
siderably shorter than the others. The processes are nearly all broken and lost the 
only accessible specimen, but enough preserved show that the neural arches are low 
and antero-posteriorly short and that the transverse processes are very broad and thick. 

the sacrum, the first vertebra present the New York skeleton; the anterior 
face the centrum very broad and low and the posterior face much narrower and 
even lower; the neural canal likewise very low and wide. The pleurapophyses are large 
and heavy, both transversely and dorso-ventrally. Apparently, the pelvis was borne only 
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this vertebra and had contact with the 2nd, but this uncertain, for the innominate 
bones are represented only fragments the collections and the ilio-sacral joint 
unknown. 
caudal vertebrae have, yet, been found. 
With the exception the atlas, which narrower and more elongate, all the known 
vertebrae are, except for the great difference size, very much like those Merycoidodon, 
while their resemblance those the pigs remote. 
Ribs. The first rib short and nearly straight, the thorax being very narrow front. 
Behind this point, the ribs rapidly lengthen and become more and more strongly outcurved; 


from the 3rd the 11th, they are very long and indicate capacious thorax. The first 
eight pairs are rather slender proximally, but, for the distal two-thirds their length, 
they are much broader and more flattened than Merycoidodon. The 9th rib more 
slender, the 10th-13th decidedly so; back the 11th, the tubercles are remarkably large 
and prominent. 

Sternum. Three anterior segments are the Princeton skeleton; the manubrium, 
presternum, not altogether like that characteristic either the Suina, the Pecora. 
the former group, compressed and keeled and the articular facets for the first 
pair ribs are close together the dorsal surface; the mesosternum broad and flat, 
though the first segment transitional form, being compressed and narrow front, 
wide behind. the Pecora the manubrium ‘‘narrow, rounded front and bearing 
the first pair sternal ribs close its apex. The succeeding pieces gradually widen, 
the posterior segments the mesosternum being square, and rather they 
are constricted the middle. (Flower, Osteology, pp. 

the bothriodonts, the shape the manubrium most like that the ruminants, 
but much narrower and less expanded the anterior end. The facets for the first 
pair sternal ribs are not clearly shown, but would seem near the apex. The meso- 
sternum decidedly like that the Pecora, though the lateral borders the segments 
are not deeply emarginated. The sternum Merycoidodon differs important 
respect from that Bothriodon. 

The scapula resembles, though with differences the details, that the European 
species described Kowalevsky. ‘‘The general aspect this new specimen presented 
great similarity the one figured from Hordwell Diplopus]; beginning from the 
neck, the bone broadened rapidly its upper and broken extremity and acquired the 
same breadth which conspicuous feature the scapula Diplopus. The spine 
the scapula was also very oblique, inclining outward. The fossa glenoidea had precisely 
the same exceedingly circular outline seen the figured scapula; the coracoid process 
did not project much and was recurved the same characteristic 

the American bothriodonts, the scapula relatively much higher and narrower 
than the European Diplopus and has nearly the same proportions Merycoidodon. 
The neck the shoulder-blade narrow and slender and the coraco-scapular notch 
indistinct; the coracoid border thin edge, which curves convexly upward and forward 
from the notch. The glenoid border nearly straight and somewhat raised and thick- 
ened; the supra-scapular border also nearly straight, meeting the glenoid border 
almost right angle. general aspect, this scapula, the determination which not 
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open doubt, approximates that the ruminants and differs markedly from the Ronzon 
type, which Kowalevsky described, but the reference which far from certain; may 
not belong Bothriodon all. 

primitive artiodactyls generally, the spine placed near the middle the blade, 
that the prespinous fossa almost wide the postspinous. The spine terminates 
well above the glenoid cavity and has short acromion, which ends rugose tubercle. 
The glenoid cavity shallow and nearly circular. The coracoid large, prominent and 
compressed tubercle, not hook-like, recurved. 

The pelvis known only from few uncharacteristic fragments. 


LIMBS 


Fore and hind legs are almost equal length, consequence which the upper line 
the back approximately straight and horizontal. The humerus moderately elongate, 
not much shorter than the femur; the head rather prominent and projects strongly back- 
ward behind the plane the shaft. The external tuberosity very large and massive, 
rising far above the level the head and extending across the whole anterior face the 
bone; its internal end short, blunt hook, which overhangs the broad bicipital groove; 
the inner tuberosity small and compressed, but rugose. The shaft heavy and, proxi- 
mally, has great antero-posterior diameter, diminishing downward gradually. The deltoid 
ridge prominent and descends low upon the shaft, the distal portion which broad 
transversely and has large, imperforate supratrochlear fossa; the supinator ridge 
well-developed. The trochlea differs from that other primitive artiodactyls the 
narrowness the intercondylar ridge, which produces something Pecoran aspect. 
The internal epicondyle exceedingly prominent, forming great, swollen rugosity, but 
there epicondylar foramen. 

The radius has wide head, which covers the whole breadth the humeral trochlea 
and bears three facets which form continuous articular surface; the middle one the 
three narrow groove for the intercondylar ridge. The external proximal facet for the 
ulna deep concavity. The head the radius contracts sharply the shaft, the 
proximal part which slender and rounded, but enlarges regularly downward, and 
becomes both broad and thick toward the The shaft strongly bowed forward, 
but the radio-cubital arcade both short and narrow, for the ulna has similar curvature. 
The distal end the radius relatively heavy and has broad tendinal sulcus its 
dorsal face, enclosed prominent ridges. The two facets for the carpus are obscurely 
separated; that for the scaphoid the larger and saddle-shaped, convex transversely 
and concave palmo-dorsally; the facet reflected upward broad articular band 
the palmo-internal angle the bone. The lunar facet stands somewhat higher level 
than does that for the broad and concave near the dorsal border, narrower 
and concave toward the palmar side. The distal surface for the ulna large and deeply 
concave. 

The ulna but little reduced and, proximally, heavier than the radius. The 
olecranon very broad, but low and erect, projecting backward but little; the free end, 
summit, the process straight and thickened and overhangs slightly the radial 
side; the tendinal sulcus deeply incised, with much elevated radial border. The sigmoid 
notch low and, except proximally, the articular surface for the humerus confined 
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the inner side; there also minute distal external facet for the humerus. The shaft 
trihedral, laterally compressed shape, diminishing downward diameter, but expanding 
again above the distal end, fit into the corresponding depression the radius. The 
facet for the pyramidal narrow and convex, passing the palmar side into relatively 
large, flat surface for the pisiform. 

There are considerable specific differences the character the femur between 
and Bothriodon, but, general, they agree. The proximal end broad and 
antero-posteriorly compressed; the head rather small and set upon short, though 
neck; far removed from the great trochanter, with which connected 
long, narrow bridge bone. The great trochanter high, rising somewhat above the 
level the head, and very thick massive and rugose, with recurved 
posterior border. The digital fossa small, but deep, and there distinct inter- 
trochanteric ridge. The shaft relatively elongate, slender and rounded; distally, 
becomes heavy and takes trihedral shape. The surface attachment the plantaris 
muscle large and rugose, but does not forma pit. The rotular trochlea very prominent 
and massive and asymmetrical shape, the inner border being considerably higher than 
the outer. The condyles are large and prominent, projecting strongly backward, and are 
unequal size, the external one being considerably the larger the two. The strong 
backward projection the condyles and the prominence the trochlea give the distal 
end the femur unusual fore-and-aft diameter. 

The patella remarkably large and massive because the long, broad and thick 
tuberosity which covers nearly the whole anterior side. The proximal end abruptly 
truncate and slightly concave, with raised front border. its proximal three-fourths the 
patella has nearly equal transverse and antero-posterior diameters, though the front face 
narrower than the hind, while the distal fourth the bone narrows suddenly form 
incurved hook, which has hardly more than one-third the antero-posterior thickness the 
proximal portion. The articular surface for the femoral trochlea unequally divided 
ridge into two facets; transversely, the two are the same width, but the outer one more 
extended proximo-distally. The inner border the internal facet somewhat recurved, 
cover slightly the mesial side the femoral trochlea. 

The considerably longer than the radius; the proximal surfaces for the condyles 
the femur are nearly flat and the spine prominent and deeply bifid. The crest 
largely developed and very massive, extending far down the shaft, while the proximal 
end heavy, rugose surface for attachment the patellar ligament. The sulcus for the 
tendon the flexor longus digitorum uncommonly deep and its entrance narrowed 
projection from the posterior side. The proximal facet for the fibula relegated the 
postero-external angle the tibial head. The shaft the tibia stout and decidedly 
heavier than that the radius and has nearly plane posterior surface, but considerable 
lateral curvature. The internal malleolus short, thin and blunt; the surface for the 
astragalus divided the intercondylar ridge into two facets, which the external one 
considerably the wider and its articular surface extensively invaded the large sulcus 
which crosses the intercondylar ridge; the dorsal side, this ridge ends large tongue. 
the outer side the distal end there extensive facet for the fibula and, addition, 
second surface the distal end, where the fibula projects underneath the tibia. 

Only the distal portion the fibula preserved any the available specimens, but 
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obvious that the two leg-bones were entirely separate and that the shaft the fibula, 
though reduced and slender, was, all probability, complete and uninterrupted. The 
distal end narrow transversely, thick antero-posteriorly and the small facet for the cal- 
caneum occupies relatively little this thickness. strong shelf projects inward from the 
mesial side the external malleolus and extends beneath the distal end the tibia; the 
proximal side this shelf facet which articulates with the corresponding one the 
tibia. Evidently, this the first step the conversion the distal end the fibula into 
bone. 
FEET 

Elomeryx, Bothriodon, and, almost certainly, the allied genus Heptacodon, the 
manus pentadactyl and the pes tetradactyl, likewise true Merycoidodon, Agri- 
ochoerus and other early artiodactyls, both Europe and North America. Kowalevsky 
gave detailed description the manus the European species Bothriodon, but his 
material was incomplete, because was derived from many different individuals and widely 
separated localities; comparison with the American species is, therefore, unsatisfactory. 

known American specimens the carpus, the more primitive artiodactyls 
generally, relatively elongate proximo-distally; also broad transversely, keeping 
with the retention five digits. The scaphoid long, narrow transversely, and thick 
palmo-dorsally the surface for the radius slightly concave and oblique, descending toward 
the radial side. The lunar facets are band along the proximal border the ulnar side 
and very small distal surface. The distal side almost completely covered the facets 
for the magnum and trapezoid; the former convex and not prolonged into concavity 
the palmar side, other primitive artiodactyl families. The surface for the 
trapezoid large and concave and behind well internal that for the magnum. 
The facet for the trapezium very small and confined the postero-internal angle. 
the French species, posterior extremity the scaphoid elongated into thick 
recurved portion, which bends inside the carpus”’ (Kowalevsky). 

The proximal part the lunar extended toward the ulnar side meet the pyramidal; 
the surface for the radius broad and convex the dorsal side, narrow and concave the 
palmar. The distal facets meet nearly right angle, form the beak; the surface for the 
unciform considerably wider than that for the magnum, which lateral rather than 
distal position. 

The pyramidal long proximo-distally and broad transversely, but has little dorso- 
palmar thickness; the surface for the ulna irregular shape and slightly concave 
palmo-dorsally; high the inner side, low the outer, where the proximo-distal 
diameter the bone much reduced. The pisiform facet large, simple, oval concavity, 
which not continuous with the surface for the ulna. the radial side the pyramidal 
are two facets for the lunar, which the proximal one small and confined the dorsal 
margin, while the distal one extends across the whole dorso-palmar thickness the bone. 
The unciform facet rather small and does not cover the entire distal end. 

The trapezium well developed; high proximo-distally and thick palmo-dorsally, 
but narrow and compressed transversely. view the relatively large size the pollex, 
somewhat surprising find that the trapezium has very limited contact with the 
scaphoid and articulates more extensively with the trapezoid and with the first and second 
metacarpals. The facet for the trapezoid situated rather high the ulnar side the 
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trapezium, and, distally it, small surface for the second metacarpal, me. II. The 
facet for me. narrow, convex and broader the dorsal side, concave and narrower 
the palmar. The distal end the trapezium descends little below the level the trape- 
zoid and has lateral contact with me. 


Fig. rostratus: Right manus, nearly Nat. Size. A.M.N.H. No. 1266. 


The trapezoid narrow, but palmo-dorsally thick; the proximal end has rounded, 
convex facet for the scaphoid and the distal end bears narrow, saddle-shaped surface for 
the head me. II. the ulnar side plane facet for the magnum, which covers the 
whole proximo-distal height the bone, but.only about half its dorso-palmar thickness. 
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When all the carpal elements are position, the dorsal face the magnum seen 
low proximo-distally, short transversely, rising considerable height the palmar, 
though not forming the well-defined which commonly feature the magnum. 
the palmar side, gives off long, stout and somewhat decurved hook. The scaphoid 
facet takes most the proximal end; rises toward the ulnar side, where its junction 


with the unciform facet forms prominent ridge; also rises gradually toward the palmar 


side and transversely concave throughout. The lunar facet rather more lateral than 
proximal; the dorsal side narrower and nearly plane, descending almost junction 
with the facet for while, toward the palmar side, rises form broad convexity, 
which more proximal position and reflected well over upon the palmar face the 
there large, saddle-shaped surface for me. III, and, the radial side 
small, plane facet for me. 

The unciform is, usual, the largest element the carpus, though does not greatly 
exceed the lunar mass. Its rugose dorsal face considerably higher vertically than that 
the magnum and the palmar hook not long, but broad, heavy, depressed and de- 
curved. The proximal end unequally divided between surfaces for the lunar and the 
pyramidal, the latter considerably the wider. The lunar facet has somewhat oblique 
position, broader the dorsal, narrowing the palmar side, slightly concave transversely 
and strongly convex palmo-dorsally. The surface for the pyramidal has similar curves, but 
narrows palmo-dorsally toward the ulnar side. the radial side the unciform the 
large, infero-lateral facet for the projection from the head me. III. The distal end the 
bone displays large and nearly plane surface for me. and narrow, concave one for 
the latter almost much lateral distal position and continued for the full 
palmo-dorsal extent the palmar hook. 

The metacarpus consists five members, four which are short and rather stout, 
with something suilline appearance, and the remaining one vestigial and could not 
have had any functional importance. Relatively, however, much less reduced than 
those oreodonts and agriochoerids the Oligocene and upper Eocene, which the pollex 
has been observed. The metacarpal almost exactly half long the second, 
measured along the median line; has enlarged, rugose head, which bears narrow facet 
for the trapezium. The proximal part the shaft compressed, but considerable 
dorso-palmar thickness; tapers downward, expanding again distally. The distal trochlea 
almost hemispherical and has well-defined keel the palmar side. 

the two genera here described, there considerable difference the relative lengths 
the metacarpals; though, otherwise, they are closely similar. Bothriodon, the usual 
artiodactyl, paraxonic, symmetry displayed; the median metacarpals, me. III and IV, 
form symmetrical pair and the laterals, mc. and are another and much shorter, 
symmetrical pair. the other hand, the metacarpals are all different 


lengths and the symmetry imperfect. III the longest the series and me. 


distinctly, though not very much, shorter. considerably longer than making 
the regular order length, III, IV, II, How far this want symmetry indi- 
vidual peculiarity and how far specific characteristic, not yet possible say. 
relative stoutness, the metacarpals are very much Sus, although they are considerably 
longer. XLVII, Fig. 4.) 

The second metacarpal, me. II, very much larger every dimension than me. 
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the proximal end narrow and excavated the radial side for the head me. with 
which articulates two distinct facets; also has very limited contact with the 
trapezium. The trapezoid surface narrow and oblique, rising toward the ulnar side; 
concave transversely and slightly convex palmo-dorsally. The ulnar border the 
proximal end overlaps the head me. III and abuts against the side the magnum. The 
shaft flattened and compressed and trihedral cross-section; has moderate degree 
curvature, with the concavity the radial side. The distal trochlea narrow and promi- 
nent and demarcated from the shaft narrow and shallow fossa. 

The third metacarpal, me. III, the longest the five, though rostratus, the 
greater length compensated the greater proximo-distal extent the carpus the 
ulnar side, that the distal ends III and are nearly the same level. These 
two bones have nearly identical shapes and are very much heavier, well longer, than 
the other three, and have broad, palmo-dorsally compressed shafts. The head me. III 
broad and heavy and, the radial side, below the head, the shaft excavated receive 
expansion me. relatively large surface for articulation with the distal 
face the projection from me. II, which abuts against the magnum. the ulnar side, 
the head me. III has process which overlaps me. and articulates extensively with 
the unciform. The shaft broad and stout, though palmo-dorsally compressed; the distal 
trochlea low and semicylindrical and narrower than the shaft, from which fossa 
demarcates it. The carina low and hardly visible from the front. 

The fourth metacarpal very like the third shape, except the proximal end, where 
the carpal and metacarpal articulations are much simpler; the connections me. II, 
and with each other and with the carpals are those usual artiodactyls and perisso- 
dactyls other than the horses. 

brachyrhynchus, me. shorter than me. and the shortest the series 
except me. head relatively rugose and heavy and bears narrow, oblique and 
saddle-shaped facet for the unciform. The facet for me. the radial side the head 
broad the dorsal side, becoming very narrow toward the palmar side. The shaft 
stout, trihedral cross-section and widening regularly the distal end. 

The phalanges the manus are lacking the Princeton skeleton brachyrhynchus, 
but the deficiency supplied the partial skeleton rostratus the American Museum. 
There reason suppose that these phalanges differed substantially the two genera 
save the matter size. The American Museum partial skeleton which referred 
rostratus (No. 1266) that young animal, but with the epiphyses place. 

There third and remarkably complete manus the Peabody Museum Yale 
University (No. 10,602) which, except for the distal ends ulna and radius, entirely 
isolated and was not associated with teeth parts the skull. That this specimen 
referable some member the Bothriodontinae seems hardly open question, but certain 
differences from the Princeton and New York fore feet, which are associated, beyond any 
doubt, with more less extensive parts the skeleton Bothriodon and suggest 
that the Yale manus assignable some other genus. For that reason, the specimen 
referred, with question, Heptacodon and described 479. 

The phalanges the manus are nearly all preserved the American Museum specimen 
rostratus (No. 1266). Those the pollex are very much smaller than the phalanges 
the other digits and cannot have been serviceable. The phalanges the median digits, 
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nos. III and IV, form one symmetrical pair and those the lateral digits, nos. and 
another such pair. These two pairs resemble each other except size and proportions; 
the lateral phalanges are not only smaller, but also relatively more slender. The unguals 
are like those the primitive artiodactyls, such the oreodonts, having bluntly rounded 
tips and convex dorsal surfaces, entirely different from the trihedral and pointed unguals 
the Pecora and the Eocene and Oligocene Tylopoda, such Poébrotherium, for example. 

The Pes larger than the manus every dimension, especially proximo-distal 
length. The is, the whole, very much like that the merycoidodonts, but that 
merely saying that retains many primitive characteristics. 

The astragalus long, and narrow; the proximal trochlea for the tibia more sym- 
metrical than the European species Bothriodon and the median groove broader. The 
distal trochlea separated from the proximal one relatively wide interval and has 
proportionally narrow surface for the navicular and broad one for the cuboid. The 
articular surfaces the astragalus are very characteristic and differ markedly 
from those seen the European species. The surface for the sustentaculum the cal- 
caneum divisible into two parts, which the outer one narrow, simply convex proximo- 
distally and plane transversely and presents toward the plantar side. The internal, 
mesial, portion the surface for the sustentaculum extends much farther distally, where 
terminates upon the plantar face the ridge between the cuboid and navicular portions 
the distal trochlea. This accessory facet inclined, facing obliquely toward the ex- 
ternal and plantar sides. the external facets for the caleaneum, the proximal one 
unusually prominent and very deeply concave, describing almost semicircle and closely 
embracing the corresponding surface the caleaneum. The facet also divided 
sulcus into two parts, proximal and distal, which are separated considerable inter- 
space. The distal external surface for the caleaneum large and plane. The whole mode 
articulation between and astragalus and its pecularities would seem not 
repeated the European species described Filhol and Kowalevsky. 

The calcaneum correspondingly modified; the tuber long and compressed and 
planto-dorsally thick, with nearly parallel dorsal and plantar borders, somewhat expanded 
and club-like the free end, which grooved the plantaris general among 
artiodactyls. The distal end not suddenly contracted for the cuboid facet, the plantar 
border remaining straight for its whole length. The sustentaculum differs from that all 
the oreodonts its much greater prominence and the presence accessory facet for 
the astragalus. The external facet the sustentaculum (i.e. that the fibular side) the 
larger the two, simply concave and presents obliquely toward the distal and dorsal 
aspects the bone; the inner facet narrow and nearly plane and presents distally and 
internally. The surface the for the fibula borne high, elongate promi- 
nence, which, its tibial side, has two convex facets for the astragalus. The surface for 
the cuboid, the distal end the caleaneum, somewhat saddle-shaped, being concave 
the dorso-plantar dimension and slightly convex transversely. The distal astragalar 
facet unusually large and nearly plane, and covers the whole dorso-plantar thickness 
the bone. 

The cuboid decidedly peculiar; the dorsal side, high proximo-distally, but 
contracted and much narrower than the plantar side. The proximal surface for the 
considerably wider than that for the astragalus; the former convex planto- 
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dorsally and broad behind, narrowing forward, descending low upon the dorsal face 
and separated distinct groove from the ascending process which bears the astragalar 
facet. The latter widely separated into dorsal and plantar segments broad and 
deep The plantar side the cuboid relatively broad and has short, massive 
posterior beak, which articulates with process from the head mt. IV. the tibial 
side this massive beak wide transverse ridge extends across nearly the whole width 
the navicular and proximal the plantar process me. III broad articulation with 
the entocuneiform. the tibial side the cuboid are two facets for the navicular, 
which are separated continuation the which divides the surface for the as- 
tragalus. The dorsal navicular facet presents internally and the palmar one proximally. 
The distal surface for mt. relatively large, though, course, much smaller than that 
for mt. IV. 

The navicular relatively elongate proximo-distally and rather narrow, with principal 
diameter the dorso-plantar one; the plantar hook small and hardly more than vestige. 
the fibular side are two facets for the cuboid, which the plantar one rests upon 
projection from the cuboid. the distal side are facets for the three cuneiforms; that 
for the ectocuneiform very large and occupies the whole dorsal half the distal side. 
There second, nearly circular facet for the same bone, which behind the principal 
facet, isolated and stands somewhat higher level. The surface for the mesocuneiform 
very narrow and confined the tibial margin the navicular, while that for the ento- 
cuneiform considerably larger, more concave and more oblique, being continued down 
upon the tibial side the vestigial hook. This facet almost entirely plantar position 
and concealed, when the tarsus viewed from the dorsal side. 

The very exceptional shape, unlike that any other artiodactyl 
with which have compared it, though most resembling this bone the Hippotamus. 
elongate (proximo-distally) and very broad plate, somewhat like pisiform shape; 
had been found isolated, would have been mystifying. Palmo-dorsally, compressed 
and thin, but has rugose surface. The proximal end contracted form the navicular 
facet, which transversely convex. Laterally, this bone articulates with the cuboid and 
dorsally with the mesocuneiform, and extends down behind mt. II, with which has 
unusually long contact. Distally, has facet for the vestigial mt. 

The small and stands somewhat higher level than the ectocunei- 
form, with which sometimes co-ossified. Whether this ankylosis normal and 
specific character, occasional and individual, cannot yet determined. 

The elongate, narrow and palmo-dorsally thick and has small lateral 
surface for the second metatarsal; the proximal end has two facets for the navicular, large, 
subtriangular one the dorsal side; the palmar side, small, isolated, circular one. 

The metatarsus consists four functional members, and vestigial hallux; 
differs from that Merycoidodon chiefly the greater proportional development the 
median pair and reduction the laterals. The metatarsal (mt. small nodule 
irregular shape; broadest proximally and tapers blunt point; attached the 
entocuneiform, but there well-defined articular surface. front view the pes the 
vestige concealed mt. II. 

The second metatarsal (mt. II) long, much compressed laterally and trihedral 
shape, somewhat thickened distally. The very narrow proximal end bears small facet 
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for the mesocuneiform and abuts very small surface against the tibial side the ecto- 
cuneiform, distally which the shaft excavated receive expansion the head 
The postero-internal angle is, were, cut away the proximal end and forms 
long, oblique surface, which overlapped the broad entocuneiform. 

The third metatarsal, mt. III, relatively long and heavy, but slightly shorter and 
heavier than mt. IV; the fibular side, near the proximal end, deep pit, into which 
fits hemispherical projection from mt. IV; means this joint and the articulations 
with the tarsus, the median metatarsals are very firmly interlocked. From the plantar 
side the head mt. III arises long, stout process which held place the cuboid 
proximally, the entocuneiform internally and mt. externally. The shaft stout, 
antero-posteriorly compressed, with flattened dorsal face and broadening somewhat toward 
the distalend. The distal trochlea low and wide, subcylindrical shape, and demarcated 
from the shaft deep fossa. The keel very inconspicuous. 

The fourth metatarsal, mt. IV, the longest and heaviest the series; does not 
much exceed mt. III length, but distinctly broader, except the proximal end; its 
tarsal connections are exclusively with the cuboid, but are, nevertheless, rather complicated. 
the dorsal side the articulation the usual type, but the long and massive plantar 
projection wedged firmly between the similar projection from the head mt. III and 
the cuboid, both proximally and externally, thus making joint great strength. The 
distal trochlea like that mt. III. 

The fifth metatarsal, mt. somewhat longer than mt. and different shape; the 
shaft more compressed, less trihedral section and, though very narrow, has considerable 
dorso-plantar thickness. The head has long projection from the plantar side, which 
extends beneath and appears articulate with the plantar hook the cuboid. 

The phalanges are longer than those the manus. The first phalanx the second 
digit has considerable resemblance the corresponding bone deer; the proximal end 
narrow and thick, with shallow, concave surface for the metatarsal, grooved the plantar 
margin; the shaft contracted and the distal end but moderately expanded. The distal 
trochlea thicker than wide and has shallow median groove, but not reflected over upon 
the dorsal side. 

The second phalanx hardly more than half long the first, but relatively much 
stouter; the proximal surface divided median ridge into two shallow concavities; 
the shaft short and heavy and somewhat asymmetrical being depressed and hollowed 
the fibular side. The distal articular surface reflected farther upon the dorsal side, 
than the first phalanx. 

The ungual phalanx rather elongate and very simple shape, with rounded distal 
border and convex dorsal face. form, this phalanx resembles that the merycoidodonts 
and entirely unlike the narrow, pointed bone seen the ruminants. 

The phalanges the fifth digit are essentially like those the second, above de- 
scribed, but the second phalanx more slender. Notwithstanding their long proximal 
phalanges, the lateral toes cannot have touched the ground and, the living animal, must 
have been useless appendages firm ground. If, the other hand, the bothriodonts 
were swamp dwellers, aquatic habits, those short lateral digits would have been very 
useful. 

the median digits, III and IV, the first phalanx little not all longer than the 
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laterals, but very much stouter and, especially, broader; the shape not unlike that 
seen Merycoidodon, but relatively broader, straighter and planto-dorsally thicker. 
The bone broadest and thickest the proximal end and the articular surface shallow 
concavity, notched the plantar border for the metatarsal carina. 

The second phalanx slightly asymmetrical, those digits III and forming 


symmetrical pair. Not entirely so, however, for the two are not quite alike, the distal 


trochlea reflected farther upon the dorsal side the fourth digit than the third. 


The ungual phalanx much like that Merycoidodon, but thinner planto-dorsally, 


with more regularly curved dorsal face and more bluntly rounded distal end. Notwith- 
standing these differences, the unguals the two genera are the same type and, this 
type uncommon one, the likeness is, perhaps, significant. The phalanges attributed 


the European species Bothriodon Kowalevsky and Filhol are decidedly different 


from those found unmistakable association with the American specimens, but the 
identification the European material not certain, importance can, for the 
present, attached the difference. 

Restoration. The skeleton brachyrhynchus which was described and 
figured the senior author 1895, especially supplemented the fine material 
Bothriodon rostratus the American Museum, remains the most complete that has yet been 
found. American members the family from the Oligocene and lower Miocene, which are 


referable four five genera, differ size, the proportions the skull, 


particularly the length the rostrum, and the molar-pattern; otherwise, the group 
very uniform one, with little variation. should added, however, that nothing has yet 
been learned concerning the skeleton the Miocene species, all which are presumably 
referable Arretotherium Douglass. Statements the skeleton must, therefore, 
confined White River material, for the family not known represented the John 
Day the Sespé California. 

Aside from the skull, the skeleton brachyrhynchus, is, size and proportions, not 
unlike that the Wild Boar (Sus scrofa). The neck relatively longer, more curved, 
lighter and more slender and the spines and apophyses the cervical vertebrae are shorter 
and less massive. The trunk proportionally shorter and the spines the dorsal vertebrae 
are not nearly long and heavy. The ribs are longer, more slender, and more strongly 
curved and the thorax more capacious. The bones the fore limb are relatively some- 
what longer and decidedly lighter, with less developed ridges and prominences for muscular 
attachment. The hinder limb-bones are general like those Sus. The skull 
altogether different from that the Boar and this particularly true the long-snouted 
species, such americanus and rostratus. brachyrhynchus the skull rather 
shorter proportionally than Sus and displays such backward shifting the orbits and 
such elevation the cranium appear the modern genus. Then, also, the great, 
curved tusks the Boar have analogues which has moderately large, down- 
wardly directed canines. The similarities the proportions trunk, limbs and feet are 
not indicative any near relationships between anthracotheres and swine, for these are 
common all the more ancient and primitive artiodactyls and the suillines have retained 
them until now. 

Between the anthracotheres and the oreodonts, particularly the genera the latter 
family which are the largest stature, the resemblances are closer and are, perhaps, more 
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indicative relationships, has been held several distinguished palaeontologists. 
known oreodont approximates size the larger species Anthracotherium, such 
magnum, and there great variety among the different genera the family the shape 
the skull and the proportions the cranial and facial regions. Promerycochoerus, with 
its long head and, especially, its elongate face, the oreodont which bears the greatest 
resemblance Bothriodon, general, but has notably longer body and shorter limbs, 
such Kowalevsky has given Anthracotherium his restoration. The likenesses be- 
tween the two families may have been derived from near common ancestry, but, our 
judgment, they are more probably the characteristics which all the primitive artiodactyls 
possessed and, except, for their longer bodies, the early perissodactyls had very similar 
proportions. If, there strong reason believe, artiodactyls and perissodactyls were 
derived from the Condylarthra, natural that both groups should originally have had 
proportions like those their common ancestors. 


Bothriodon Aymard 


(Plates XLV, XLVI, 
Bothriodon Aymard: Ann. Soc. Agr. Sci. Arts Comm. Puy., XII, pp. 239, 246, 
1846. 
Ancodon Pomel: Arch. Sci. Phys. Nat. Bibl. Univ. Genéve, 207, 1847. 
Ancodus Pomel: VIII, 324, 1848. 
Hyopotamus Owen: Quart. Journ. Geol. London, Vol. IV, pp. 1848. 
Aepinacodon Troxell: Amer. Journ. Sci., 5th Ser.: Vol. 334, 1921. 


This European genus, which was discovered Ronzon France and the first 
species, was named Cuvier, who referred his Anthracotherium. The 
four terms proposed Aymard, Pomel and Owen, listed above, have all been widely 
used both Europe and this country; Leidy employed Owen’s Hyopotamus, did Marsh 
and Osborn, but the terms Aymard and Pomel have priority. has been very difficult 
decide between the two palaeontologists last named, but the bibliographical authorities 
seem have reached the conclusion that Aymard’s Bothriodon the older name (See 
Palmer’s Index Generum Mammalium, 102). 

The European species have been best described Filhol, who had his disposal 
several beautifully preserved skulls and has figured these his work the fossils Ron- 
that comparison between the European and American species may easily made. 
This comparison makes clear that most the American species which have been referred 
this genus, whatever the term employed for it, have been wrongly identified. The 
diagnostic features the American Bothriodon are: (1) the small canines, which are not 
all tusk-like, (2) diastemata between canines and molars; (3) very elongate rostrum; (4) 
forward position posterior nares, which open between the molar teeth. The peculiar 
molar pattern common Elomeryz. 

Troxell’s term, Aepinacodon, deserves careful consideration, for has been extensively 
adopted; his proposal follows: name proposed this time for genus include 
those American forms widely separated from Octacodon and Heptacodon Marsh, 
and may include Hyopotamus americanus Leidy, 1856, deflectus Marsh 1890 (the geno- 
holotype), and Ancodon rostratus Scott 1895.” 


Filhol, H., Mammiféres Fossiles Ronzon; Ann. Sci. Geol., XII, Art. pp. 1-271. 
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Characters. the foreign types Aepinacodon resembles most Hyopotamus 
(H. bovinus Owen), but from this can distinguished the curved transverse groove 
and the resulting decrease size the hypocone, the closer grouping the cusps 
transversely, the narrower mesostyle and the greater relative length the molars 
antero-posteriorly. vectianus Owen resembles Elomeryx some respects more closely 
than does the new genus. 

compared with Bothriodon Aymard, one has difficulty finding the resemblances; 
these distinctions, however, may noted: the unreduced premolars and absence diastema 
behind P2, the curved transverse valleys the molars, their narrower outer borders, the 
grouped cusps, the rougher character with abundance tubercles and cingula, the less 
elongated muzzle, the less forward position the posterior nares, the more completely 
enclosed orbit, and the narrow supra-occipital pp. 334, 336.) 

considering this description, must remembered that the material upon which 
was founded was very fragmentary and defective. The differences from Hyopotamus and 
Bothriodon given the generic diagnosis seem only specific value, and the more 
less nearly complete skulls the collections Nebraska, Michigan and Princeton Uni- 
versities show that the American species here referred Bothriodon are much closer the 
European species that genus than Professor Troxell had supposed. 


DENTITION 


The dental formula varies somewhat, for the first upper premolar present 
americanus, absent rostratus, and the formula therefore: 

Upper Teeth. The incisors are large and nearly uniform size, with sharp-pointed, 
hastate crowns. The median incisors (il) the two sides are separated considerable 
interval and present forward; the second and third (i2 and face laterally, almost right 
angles with the first, and all three teeth are well spaced apart and from the canine. all 
the skulls hitherto collected the canines are small, little, all, larger than the incisors 
and seems improbable that they should all females, though, course, entirely 
possible that they are. One the Ronzon skulls leptorhynchus, presumably male, has 
comparatively long canines, which form slender tusks; the other species these teeth are 
small and perhaps these skulls are exclusively females. the tusks are very 
much like those the French leptorhynchus and Troxell has shown the probability that 
that genus the size the canines matter sex. That may also prove true 
Bothriodon, but, according present information, the American species the genus have 
small, incisiform canines, which are isolated short diastema from the lateral incisor 
and much longer one from the foremost premolar, the latter being long edentulous 
space, which decided contrast the medium-snouted and the short-snouted 
Heptacodon. 

the latter genus the canines all the existent skulls are well-developed; and these 
skulls indicate sexual difference the size the canines, which are functional tusks, not 
large Elomeryx armatus, but about the same proportional size the modern 
peccaries. 

The premolars, four three number, are, for the most part, small and simple; the 
first one present, implanted two roots and has compressed-conical crown. 
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The second (p2) larger, especially transverse width, and carried upon three roots; 
the crown thin and compressed, antero-posteriorly extended, with sharp-pointed apex 
and trenchant edges. The third premolar (p3) much larger than and, make the 
needed room, inserted obliquely the jaw; the external face the crown resembles that 
shape, but the tooth much broader transversely and the internal cingulum 
very prominent, its hinder portion enclosing enamel-pocket with the protocone. The 
fourth premolar (p4) quite different from any the others and more like half molar, 
having two crescentic cusps placed transversely. The external cusp (protocone) has 
somewhat less deeply concave buccal surface than the molars, and the inner cusp (deutero- 
cone) more conical. The cingulum much better developed the lingual face and 
encloses the crown three sides. 

The molars increase size posteriorly, the first (m1) being much the smallest the 
series. cuspidation they are very similar the teeth the European species the 
genus, especially yet there are certain constant differences molar structure 
between the species the Old and New Worlds, which, the opinion some palaeontolo- 
gists, are generic significance. The upper molar crown buno-selenodont; the two outer 
lobes are crescentic, with deeply concave external faces, but the two inner lobes are more 
conical than crescentic. repeatedly mentioned, small, unpaired conule placed be- 
tween the anterior pair cusps. The anterior pillar, parastyle, much smaller than 
Octacodon, even than Heptacodon, and there posterior pillar, metastyle. What 
especially differentiates the molars Bothriodon the median pillar, which too broad and 


called style, and forms rounded projection, into which transverse 


valley extends and separates the two external crescents. Heptacodon and its allies the 
parastyle much more prominent and the metastyle present, but the mesostyle much 
thinner than Bothriodon, not invaded the valley and formed the conjunction 
the adjacent horns the external crescents. The two tooth-rows both genera are 
nearly straight and parallel. 

Lower Teeth. The incisors have broad, acutely pointed and hastate crowns; the second 
(i2) considerably larger than the others and the third (i3) the smallest the series. 
The canine follows the incisors after short interspace; resembles the incisors shape and 
smaller than i2. 

The premolars are simple, compressed cones, except the last one (p4); the first (p1) 
very small and one-rooted and isolated diastemata front and behind it; the an- 
terior space, between canine and slightly longer than that between and p2. The 
latter relatively small and has narrow, pointed crown, with trenchant edges; faintly 
marked anterior and posterior fossae appear the inner side and there also postero- 
external depression, but there cingulum. This tooth, which implanted two roots, 
less worn than the other premolars. The third premolar (p3) much larger than the 
second, especially antero-posterior diameter; resembles shape, but the internal 
fossae are more distinct and there incipient internal cusp. The fourth (p4) much 
the largest and most complex the premolars; small internal and anterior basal cusps are 
present and enclose two deep fossae, like those p3, but much better defined. The 
cingulum strongly developed the buccal side, but incomplete internally. 

The molars increase size backward, being much the smallest and the 
cuspidation they are typically the two external cusps are crescentic and 
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the two internal ones conical; these four cusps are all high and sharp-pointed and the apices 
each transverse pair are widely separated and the same true each longitudinal pair. 
The inner and outer pairs are separated cross-valleys that almost meet, but the anterior 
horn the postero-internal crescent forms isthmus the median line. When all trace 
the crescentic form the cusps has been removed abrasion, internal and external 
notches indicate the position the valleys. The last tooth (m3) has large heel, which 
conical and sharp-pointed, and its anterior face invaded narrow valley. The re- 
semblance between the grinding teeth Bothriodon and those the oreodont Agriochoerus 
close and has been remarked all students these families. The milk denti- 
tion not known, but, doubt, differs essential way from that 


SKULL 


Nearly all the skulls this genus, which are contained the various museums, have 
undergone more less distortion from pressure; most them have been down-crushed, 
which has caused depression and flattening, greatly reducing the dorso-ventral diameter. 
Making all proper allowance for this distortion, however, the most striking features this 
skull are its remarkable lowness and elongation, the latter dimension chiefly determined 
the rostrum. The same statement applies the skulls found Ronzon and figured 
Filhol, which are smaller than those the American species, but very similar proportions, 
and, the latter, having decidedly reptilian aspect. was noted 381, the 
skull the Archaeotherium and Megachoerus, have very reptilian, even 
crocodilian look, and, both groups, the very small brain-case contributes much this 
likeness. 

While Bothriodon remarkable for its very long jaws, the skull structure is, otherwise, 
very uniform throughout the subfamily and the differences are, almost entirely, those 
proportions. all the genera the cranium short and the brain-chamber very small. 
The shape the occiput differs somewhat the two White River species Bothriodon; 
americanus has very wide occiput, the crest which dorsally nearly straight and 
horizontal and descends obliquely outward the sides. the still longer-snouted 
rostratus, the occipital crest describes almost continuous semicircular curve, more 
the French velaunus. 

The basioccipital stout and subcylindrical, tapering forward slightly; the sides 
are depressions accommodate the largely inflated tympanic bullae. The exoccipitals are 
low and very wide; the median line broad convexity, which lodged the cerebellar 
fossa and each side which shallow depression, while the wide lateral portion each 
exoccipital slightly concave transversely. The occipital condyles are broad and low and, 
the ventral side, below the foramen magnum, they are much closer together than 
velaunus; the foramen itself rather small and nearly circular outline. The paroc- 
cipital processes are ruminant-like position, suilline shape; they are outside and 
front the condyles, with which they are not connected ridges. Proximally, the 
process very broad, but rapidly contracts spine, which long and moderately stout. 
The paroccipital contact with the auditory bulla two points, between which the 
opening the stylomastoid foramen, which continued down groove upon the an- 
terior face the process. 
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The supraoccipital relatively large, rather high and broad and projects far behind 
the condyles; the hinder face concave the middle and, each side this concavity 
low, broad ridge, which separates from the lateral depression. 

The basisphenoid heavy and subcylindrical, having much the same shape the 
basioccipital, but narrower; its suture with the presphenoid concealed the vomer. 
The alisphenoid large; its ascending portion narrowed the base the foramina 
ovale and lacerum anterius and above these conspicuous openings, the bone widens. The 
pterygoid process the alisphenoid stout and dorso-ventrally low and has the unusual 
peculiarity extending contact with the auditory bulla, enclosing the foramen lacerum 
medium deep fossa. The presphenoid hidden the vomer and none the avail- 
able skulls are the limits the orbito-sphenoid visible. 

The parietals are exceedingly long and have high, thin sagittal the known skulls 
not suffice show whether the free margin had the antero-posterior curvature which 
appears but far the known Bothriodon skulls are preserved, the details 
their cranial structure differ but slightly from those which they are better 
displayed more complete and less distorted specimens. the descriptions the latter, 
the reader referred, but the rostrum and the palate very striking differences are 
noted. Bothriodon the elongation the rostrum and mandible carried grotesque 
extent, especially old males rostratus and, course, this elongation affects all 
the component elements, especially nasals and maxillaries. The nasals are very long, but, 
otherwise, they resemble the much shorter ones they are broadest the frontal 
suture and narrow forward and the anterior ends are notched. 

The premaxillaries are elongate antero-posteriorly and closely resemble those 
Elomeryx, with thick and solid alveolar portion and long, broad ascending ramus, which 
articulates extensively with the nasal; the spines are slender and the incisive foramina are 
long and narrow. 

All the skulls, referable this genus, which have, far, been reported from the 
White River, have suffered from down-crushing and flattening, but, correcting the dis- 
tortion far possible the drawings (Pls. XLV, XLVI), the facial region Bothriodon 
appears decidedly lower and flatter than Elomeryx Heptacodon, both which 
genera uncrushed skulls are available. far can judged from Filhol’s plates and 
from the casts the American Museum, the French species from Ronzon have the same 
shallowness and flatness the facial region the White River skulls. The 
Bothriodon are very elongate and have long edentulous space following the canines. 
The facial portion, advance the orbits, low and constricted front the pre- 
molar series, expanding slightly forward from that point. The masseteric ridge prominent 
and rugose and extends almost the infraorbital foramen. The palatine processes 
the maxillaries are very long and narrow and are but slightly concave transversely. The 
palatal notches are deeply incised, but the alveolar processes are not extended far behind 
the European leptorhynchus, nor are they broadened and inflated this 

Aside from the great length the rostrum, the most striking difference this skull from 
that the form and position the posterior nares. The palatine bones are 
united the median line for only short distance and the narial opening between the 
two rows molar teeth, whereas the palatines are united for relatively long 
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distance, making tubular canal and shifting the posterior nares very far back. this 
respect also the European species Bothriodon agree with the American. 

The cranial foramina, far they are determinable, agree well with those 
that description them needed, they are better shown the latter. 

The mandible proportioned correspondence with the elongation the rostrum; 
old males rostratus, they are supposed be, the lower jaw may nearly yard 
long. The horizontal ramus comparatively shallow dorso-ventrally and thin and the 
symphysis long and procumbent. The ascending ramus low, but the coronoid and angle 
are not completely preserved any the specimens. 

Species. yet, but two American species Bothriodon have been detected; one, 
americanus (Leidy) from the Chadron and the other, rostratus (Scott) from the 
upper part the lower Brulé. The genus has not been found the upper Brulé. 


Bothriodon americanus (Leidy) 
(Plate XLV, Figs. 


Choeropotamus (Hyopotamus) americanus Leidy: Proc. Acad. Nat. Sci. Phila., 1857, 89. 
Hyopotamus americanus Leidy: Journ. Acad. Nat. Sci. Phila., (2) Vol. VII, 202, 1869. 
Ancodus americanus Scott: Ibid., 2nd Ser., Vol. 536, 1895. 

Aepinacodon americanus Troxell: Amer. Journ. Sci., 5th Ser., Vol. 336, 1921. 


this species Leidy writes: teeth Hyopotamus americanus are about the same 
size those bovinus the European Tertiary formation and the corresponding ones 
are much alike that Prof. Owen’s description the upper true molars the latter applies 
nearly equally well those the The following measurements are transposed 


from Leidy’s, taking the line approximately millimetre. 


MEASUREMENTS 
Length upper true molar 72.9 mm. Transverse diam. 27.5 mm. 
Ant.-post. diameter m3............. Ant.-post. diameter 20.8 
Transverse diameter m3............ 31.2 Transverse diameter 22.9 
Length crown m3............... 15.6 Ant.-post. diam. 35.4 
Ant.-post. diameter m2............. Transverse diam. m3.............. 17.5 


Well preserved this species are rare, generally true those Chadron 
mammals which are smaller than the brontotheres. Two the best specimens are the 
museums Princeton and Michigan Universities respectively. The Ann Arbor skull was 
kindly sent for study Professor Case, whom cordial thanks are due. 
These two skulls supplement each other interesting way, for the Princeton specimen 
(No. 13,691) has the better preserved dorsal side, while the Ann Arbor one very much 
more complete the ventral side; both skulls have suffered some distortion through 
vertical crushing. They are also strongly contrasted age, the Michigan skull being that 
very old animal, with almost unrecognizable from abrasion, while the Princeton 
specimen young adult, with little worn, while the other teeth show hardly any wear. 

Bothriodon americanus very long-snouted, though decidedly less than rostratus, 
which, all probability, was directly descended from it. The part the rostrum which 
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advance the cheek-teeth intermediate length between rostratus and Elomeryx 
brachyrhynchus; the space between canine and measures mm. rostratus, mm. 

The present species differs from rostratus the constant presence the first upper 
premolar, pl. The second and third premolars, and p3, are implanted obliquely the 
median line. the upper molars the external crescents are carried over far toward the 
lingual side, narrowing the longitudinal valley. The occiput comparatively high dorso- 
ventrally and very broad; the occipital crest nearly straight and horizontal dorsally, 
descending obliquely outward the sides. The two broad and rounded ridges which 
diverge from the foramen magnum the occipital crest are prominent and the lateral 
fossae external them are deep. The temporal openings are notably short antero- 
posterior diameter. the Michigan skull the pterygoids end ventrally conspicuous, 
elongate and slender hamular processes; that the other skulls lack these probably one 
the accidents collecting. 


MEASUREMENTS 
Univ. 
Michigan No. 
Upper premolar series, length 
Upper premolar series, length mm. 
Skull, median basal 342 
Skull, width over paroccip. processes.............. 105 127 
Skull, width over glenoid cavities.................. 148 160 


Horizon: Chadron. 
Localities: Univ. Mich. skull, near Crawford, Neb. Princeton skull, Big Bad 
Lands, So. Dak. 
Bothriodon rostratus (Scott) 
Ancodus rostratus Scott, Journ. Acad. Nat. Sci. Phila., 2nd Ser., Vol. 536, 1895. 
Hyopotamus americanus Osborn and Wortman (nec Leidy), Bull. Amer. Mus. Nat. Hist., 
Vol. VI, 219, 1894. 


The original description this species reads: specimen was the Metamynodon 
division the Oreodon beds [i.e. Lower Brulé] and appears represent the same species 
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that referred Osborn and Wortman the A[ncodus] americanus Leidy. Leidy’s 
species, however, were found the Titanotherium-beds, which affords presumption 
against its being identical with the specimen before the skull-fragment described 
Osborn and Wortman, the first upper premolar wanting. The principal differ- 
ences from americanus which may observed the dentition are two: (1) has 
much better developed cingulum, especially upon the inner side the crown. (2) 
the upper molars the external buttresses, styles, are decidedly less conspicuous, the 
median buttress divided deeper cleft and has tuberculated crenulated 

The discovery the much more complete skulls americanus, which were described 
the preceding section, renders possible make more detailed comparison between 
the two American species Bothriodon than was previously feasible. results from this 
comparison that the two species are much more clearly distinguishable than had seemed 
the case. The most obvious and striking differences are the larger size the animal 
and the greater elongation the rostrum, which attains proportions like those the 
Ronzon species, leptorhynchus and velaunus; the specific name rostratus turned out 
very apt. rostratus differs from americanus the following additional respects: 


(1) has been lost, making the premolar quite constantly; (2) and are 


not inserted obliquely the median line; (3) the external crescents the upper molars 
are not, were, pushed over far toward the lingual side, that the longitudinal 
valley wider; (4) the occiput different shape, being lower dorso-ventrally and the 
crest describing almost regular half-circle, and the two ridges which diverge from the 
foramen magnum the crest are much less prominent; (5) the paroccipitals are decidedly 
longer and the post-tympanic processes the squamosals are much more prominent; 
(6) the temporal openings are relatively longer antero-posteriorly. evident that the 
two species should recognized distinct, conclusion which confirmed their 
stratigraphic positions. 

Associated with the American Museum skull considerable part skeleton (No. 
1266) including sacral and lumbar vertebrae, limb-bones and nearly complete manus and 
pes. These have already been described under the heading the subfamily, for they 
not differ sufficiently from the corresponding parts require separate 
treatment. 


The table below gives the dimensions the type (P. Mus. No. 11,172). 


MEASUREMENTS 
Skull, extreme length................. Upper molar series, length............. mm. 
Skull, length cranium............... 170 Diastema between and 
Diastema between and p2........... Lower molar series, length............. 
Upper premolar series, length.......... Mandible, depth m3................ 


The measurements the following table are taken from the American Museum speci- 
men No. 1266. 


+ 
Ne 
ig: 
on 
| 
§ 


466 TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 
MEASUREMENTS 
Humerus, length fr. head.............. 251 Digit II, phalanx, length........... 
Humerus, dist. width over epicond...... Digit II, phalanx, prox. 
Humerus, width trochlea............ Digit II, 2nd phalanx, length........... 
Radius, length med. line............ 218 Digit II, 2nd phalanx, prox. width...... 7.6 
Radius, proximal width............... Digit II, ungual, length............... 
Digit II, ungual, prox. width.......... 
Radius, distal thickness............... Digit III, 1st phal., 
Ulna, prox. width rad. facet......... Digit III, 1st phal., prox. width ........ 
Tibia, length med. line.............. 288 Digit III, 2nd phal., prox. 
Digit III, ungual, length.............. 
Fibula, distal Digit IV, 1st phal., 
Fibula, distal thickness................ Digit IV, 1st phal., prox. 
Carpus, width Digit IV, 2nd phal., length ............ 
Digit IV, 2nd phal., prox. 
Metacarpal prox. width............. Digit IV, ungual, 
Metacarpal II, length................. Digit IV, ungual, prox. width .......... 
Metacarpal II, prox. width............ Digit 1st phal., length ............. 
Metacarpal III, length................ 104 Digit phal., prox. 
Metacarpal III, prox. width........... Digit 2nd phal., length ............. 
Metacarpal IV, Digit 2nd phal., prox. width......... 
Metacarpal length................. Calcaneum, dist. thickness............. 
Metacarpal prox. width............. prox. thickness............ 
Digit phalanx, prox. width....... Astragalus, prox. width............... 
Metatarsal IV, length................. 124 Metatarsal IV, prox. width............ 


Horizon: Upper part lower Brulé. 
Locality: Big Bad Lands, So. Dak. 


Elomeryx Marsh 


Heptacodon Marsh (in part), Amer. Journ. Sci., 3rd Ser., Vol. XLVII, 93, 1894. 

Elomeryx Marsh, Vol. XLVIII, 176. 

Hyopotamus Osborn and Wortman (in part nec Owen), Bull. Amer. Mus. Nat. Hist., 
Vol. VI, 220. 

Ancodus Scott (nec Pomel), Journ. Acad. Nat. Sci. Phila., 2nd Ser., Vol. 461, 1895. 


This genus has frequently been confused with Bothriodon, under its various names 
Hyopotamus, Ancodon, and indeed closely allied with and belongs the same 
section the subfamily. The molar pattern the same the two genera, but, apparently, 
the canines are different; all the known American skulls Bothriodon the canines are 
small and almost incisiform, while they are the male long and formidable 
tusks. The most important differences are the skull; the rostrum 
moderate length, very decided contrast the grotesquely elongated snout Bothriodon. 
Even more significant the character the posterior nares, which, the latter, open 
between the molars, but, have tubular prolongation, almost Hyaenodon, 
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and open far behind the upper teeth. this, all other important respects, the 
American species Bothriodon agree closely with the French. 


DENTITION 


The dental formula unreduced: the upper incisors are spaced well 


apart, more than the very much longer-snouted Bothriodon and, shape, resemble 
those the latter. the canines, much larger suite specimens than now available 
will required before the uncertainties can cleared up. brachyrhynchus, 
Troxell has shown, there every reason think that the size the tusks determined 
sex, but armatus, which the canines are especially large and have serrate posterior 
borders, the size the tusks may specific rather than sexual, but definitive statement 
can yet made. Premolars and molars are like those Bothriodon require 
particular description and this similarity separates Bothriodon and the one 
hand, from Heptacodon and Octacodon, the other. 

Milk Dentition. The temporary dentition Bothriodon not known, but the 
American Museum there very complete juvenile skull brachyrhynchus (No. 1242) 


Fig. brachyrhynchus: Upper milk-teeth, left side; dp2, A.M.N.H. No. 1242. 


from the channel-sandstones the upper Brulé. This skull, which hardly all crushed, 
retains all the milk-teeth except the anterior incisors both jaws, dil and di2, and the 
lower canine, which even the alveoli have been destroyed. There is, however, reason 


doubt that the formula is: that the assumption that the first premolar, 


above and below, has predecessor the temporary series, certainly seems 
the case. 

the Upper Jaw the lateral incisor, di3, small, compressed-conical shape, with 
acute point and trenchant edges, convex the buccal and slightly concave the lingual 
side. The milk-canine, de, very like the incisor shape, though much longer and 
more slender. 

The outer side the foremost milk-premolar, dp2, resembles the lateral incisor, 
though much larger scale, especially antero-posterior diameter; the hinder side 
the crown broad and has enamel fossa, enclosed between ridges that run from the 
apex; overlaps dp3 the outer side. The next-succeeding tooth, dp3, follows the usual 
plan having the anterior and posterior moieties the crown quite 
the posterior half like the corresponding part molar, but the anterior half has two 
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external, rather incomplete crescents and internal cusp. Externally, therefore, there 
are three more less crescentic cusps the same fore-and-aft line. The last milk-premolar, 
dp4, molariform, somewhat smaller than m1, but otherwise entirely like it. 

Lower Jaw. only incisor preserved the external one, di3, which small and 
compressed-conical shape. this specimen the first premolar, pl, was not erupted and 
there are but three milk-premolars place; the foremost one, like the second perma- 
nent premolar, p2, shape; the second one, dp3, has almost the tuberculo-sectorial char- 
acter, for the anterior crescent (there antero-internal cusp) much higher than the 
posterior pair, which seem form aheel. The last the milk-teeth, dp4, has the typically 
artiodactyl form, with three pairs crescentic cusps. 


SKULL 


The most obvious difference from the skull Bothriodon the much shorter rostrum, 
which, however, longer than Heptacodon, which there diastema between canine 
and premolars. There are other differences, but these are less conspicuous; the cranium 
short and the cerebral chamber very the anthracotheres, varying degree, 
belonged the small-brained groups which were extensively represented the Eocene 
and Oligocene. decided difference the form the occiput, which, 
constricted the middle, and the supraoccipital sends back two short, wing-like processes, 
involving the parietals, many other White River ungulates. 

The basioccipital stout and subcylindrical, tapering forward slightly; the sides 
are depressions accommodate the largely inflated tympanic bullae. The exoccipitals are 
low and very broad; the median line broad convexity, which lodges the cerebellar 
fossa and, each side it, shallow depression, while the wide lateral portion slightly 
concave transversely. The condyles are low and broad and the foramen magnum 
relatively small and nearly circular shape. The paroccipital processes are ruminant 
position, suilline shape; they are outside and front the condyles, with which they 
are not connected ridges. Proximally, the paroccipital very broad, but contracts 
rapidly spindle, which long and moderately stout; contact with the auditory 
bulla two points between which the opening the stylo-mastoid foramen, which 
continues ventrally groove the anterior face the process. 

The supraoccipital rather high and narrow; its posterior surface concave the 
middle, with depression each side, separated ridges from the median concavity. 
The bone extends over upon the cranial roof suture with the parietals and its lateral, 
wing-like extensions are less prominent than Merycoidodon culbertsoni, but more that 
gracilis. 

The basisphenoid heavy and subcylindrical, having much the same shape the 
basioccipital, but narrower; its junction with the presphenoid concealed the vomer. 
The alisphenoid relatively large; its ascending portion narrowed the base the 
anterior lacerated foramen and the foramen ovale, but, dorsally these, the bone broadens. 
The pterygoid process the alisphenoid stout and dorso-ventrally low; has the pe- 
culiarity extending contact with the tympanic bulla, enclosing the foramen lacerum 
medium deep fossa. The presphenoid concealed the vomer and the limits the 
orbitosphenoid are not indicated any the available skulls. 
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primitive artiodactyls generally, the parietals are exceedingly long and form 
most the cranial roof; for the greater part their length they unite high, thin 
sagittal crest, the border which gently arched from before backward and descends 
abruptly the forehead. The crest bifurcates anteriorly into two low and slightly rugose 
temporal ridges. The parietals themselves diverge this point and receive between them 
tongue-shaped processes the frontals. For the most part, the parietals are narrow, 
because the large size the squamosals, but, front these bones, they are much wider 
and extend down sutures with the alisphenoids. 

The large and makes most the side-wall the cranium, while its 
prominent, compressed and rounded hinder border forms the greater part the crest 
the inion. The junction squamosal and exoccipital excludes most the mastoid from 


the surface the cranium, but they diverge ventrally little and expose narrow, tri- 


angular strip the mastoid; the mastoid process mere tubercle. The post-tympanic 
process the squamosal closely applied the paroccipital and extends below the tubular 
auditory meatus. The postglenoid process broad and thin, narrowing ventrally and 
projects backward nearly reach the posttympanic. This region the skull very 
similar indeed that Merycoidodon and, especially, gracilis. The glenoid cavity 
large, extending for nearly the whole width the zygomatic process and the articular 
surface continued upon the front side the postglenoid. 

The tympanic inflated form large auditory bulla, which oval shape and 
placed obliquely the median line the cranial base. The bone thin and dense and 
the cavity free from cancellous tissue; the auditory meatus elongate tube, incom- 
plete lacking the dorsal wall. 

The zygomatic process the squamosal compressed and thin; its base much 
extended from before backward over the auditory meatus and post-tympanic process and 
its raised border continuous with the lambdoidal crest. Though thin, the process has 
considerable dorso-ventral breadth and curves downward, not being straight 
Bothriodon. Anteriorly, the process tapers blunt point, which received into notch 
the jugal beneath the orbit. 

The jugal relatively heavy; below the orbit vertically broad, but narrows 
posteriorly, passes under the zygomatic process the squamosal. The postorbital 
process the jugal low and far separated from that the frontal, leaving the orbit 
widely open behind. The lachrymal large and has unusually long facial extension, 
accompanied equally long process the frontal, which separates the lachrymal 
from the nasal. There glandular pit the facial part the lachrymal; the foramen 
within the margin the orbit. 

The frontals together form short, broad, lozenge-shaped and flattened forehead and, 
posteriorly, they send back narrow processes which project between the diverging anterior 
ends the parietals. The nasal processes are long, extending between lachrymals and 
nasals and also have long sutures with the maxillaries. The orbits are very prominent 
and make the forehead wide, relatively more than Bothriodon, and the postorbital 
processes are long and decurved. There external indication frontal sinuses. The 
flat, slightly ‘‘dished” forehead decided contrast that Merycoidodon, which 
inflated and rounded sinuses. that genus, the supraorbital foramina are near 
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the median line, but the vascular grooves which run forward from them are longer and 
more distinct. 

The nasals are long, though far less than Bothriodon; they are broadest behind, 
narrowing forward, and are somewhat convex anteriorly. The anterior ends are notched 
the middle and project little, all, front the premaxillae. 

The are relatively very large, especially antero-posterior length, for 
the incisor teeth are well spaced apart and arranged nearly the same fore-and-aft line. 
The alveolar process massive and solid and the ascending ramus long, low and broad 
and has extensive suture with the There distinct palatine process and the 
premaxillary spine slender, cylindrical rod; because its fragility usually missing 
from the skulls; the incisive foramina are very narrow, but relatively elongate. The 
anterior nares are notably small. 

The are long, but very much less elongate than Bothriodon; the alveolar 
parapet low, agreement with the very brachyodont crowns the cheek-teeth. The 
facial portion also relatively low, though seems unexpectedly high uncrushed skulls. 
The face constricted front the premolar series and sometimes, though less distinctly, 
front p4. The masseteric ridge very long and prominent, much so, relatively, 
horse’s skull, and extends forward almost the infraorbital foramen, which 
above p4. Long the maxillary is, has but limited contact with the nasal, much 
that bone being taken the frontal and premaxillary sutures. The upper margin 
the maxillary descends forward, the anterior portion the rostrum very shallow. 
The palatine processes the maxillaries are long, narrow, and almost uniform width 
throughout, the lingual sides the two tooth-rows forming nearly straight and parallel 
lines. The bony palate slightly concave transversely but not curved antero-posteriorly. 

The most characteristic feature the position the posterior nares; 
the two palatines are united the median line for relatively long distance behind the 
last molars, making tubular prolongation the nasal canal and shifting the posterior 
nares very much farther back than any the other genera the family, all which, 
including the European species Bothriodon, the posterior nares are situated between the 
molar teeth. The tubular canal and the small opening behind might suggest 
aquatic habits, were not for the somewhat similar structure the characteristically 
American deer which are, course, altogether The vomer 
extends back for nearly the whole length the posterior narial canal and, Odocoileus, 
plainly visible from below. not, however, sufficiently deep vertically reach the 
palatines and thus completely divide the passage into two chambers, does the 
American deer. 

The cranial foramina are, for the most part, distinctly displayed the White River 
skulls. The optic foramen small and placed rather far forward; the foramen lacerum 
anterius large and irregular, somewhat the deer, but smaller than them. The 
foramen ovale perforates the base the pterygoid process the alisphenoid, which, 
before noted, extends contact with the tympanic bulla. The foramen lacerum medium 
concealed the cleft between bulla and alisphenoid and the posterior lacerated foramen 
narrow slit between the bulla and the basioccipital, while the stylo-mastoid foramen 
large and conspicuous. The glenoid foramen internal rather than behind the post- 
glenoid process. The condylar foramen has nearly the same position Odocoileus, but 
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little farther forward. The posterior palatine foramina are not near the maxillo- 
palatine sutures but are line with Merycoidodon. The infraorbital foramen 
has very anterior position over p4. 

The mandible differs conspicuously from that Bothriodon its shortness, corre- 
with the shorter rostrum. one individual from the upper Brulé, presumably 
referable brachyrhynchus, the horizontal ramus thick and heavy, but shallow dorso- 
ventrally, thus having deceptively slender appearance side-view. The symphysis 
this Jaw procumbent and its ventral border raised but little above that the rest 
the ramus. The coronoid process rather short and slender, strongly recurved and sepa- 
rated from the condyle broad sigmoid notch. other specimens from the same 
horizon, which may may not belong the same species, the horizontal ramus con- 
siderably deeper dorso-ventrally and the ventral border rises abruptly the procumbent 
symphysis, which higher level, the ascending ramus higher, the angle more promi- 
nent, the coronoid much higher and broader, but less recurved, that the sigmoid notch 
narrower and less deeply incised. The angle more prominent and more produced below 
the ventral border the ramus and the masseteric fossa larger and deeper. Whether 
these differences are individual, sexual, specific, difficult decide. all the 
specimens the mandibular condyle much extended transversely and steeply inclined 
downward the inner side. Near the internal end the condyle the articular surface 
reflected over upon the posterior side, form facet for the postglenoid process. The 
two halves the mandible are usually separate, but may co-ossified old individuals. 

Species. The number species this genus still somewhat uncertain, but there 
are least two, both from the sandstones the Protoceras-channels the upper Brulé. 
armatus Marsh, the type-species, and brachyrhynchus and W., which the most 
completely known any the American bothriodonts and has furnished the material for 
most the foregoing descriptions. 


Elomeryx armatus Marsh 


Heptacodon armatus Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVII, 93, 1894. 
Elomeryx armatus Marsh: Ibid., Vol. XLVIII, 176. 
Elomeryx mitis Marsh: Ibid. 


Marsh’s emended description genus and species reads: ‘‘Some the main characters 
are follows: The skull elongate, with the facial part quite narrow. The frontal region 
between the orbits flat even concave. The orbits are very small and not closed 
behind. There lachrymal fossa. The anterior narial opening large, and the 
snout broad. 

are the usual forty-four teeth. The upper incisors diverge and have short, 
compressed crowns. The upper canine very large and dependent. oval outline 
near its base, but compressed below, with serrated posterior edge; feature not before 
observed ungulate mammals. There long diastema behind the canine. The 
premolars and molars form close series. 

posterior nares are placed well behind the molar series, much existing 
swine. There postglenoid process, and long paroccipital. The type species has 
small auditory bulla and the other larger one. The zygomatic arch slender and curved 
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well outward. The temporal fossae are large and separated above narrow sagittal 
crest. The brain was well 

Troxell gives additional account: ‘‘In the large number skulls the Marsh 
Collection the genus shows the greatest variation, including specimen 
brachystylus [sic] Osborn and Wortman (Cat. No. 10,387 Y.P.M.). The canine has lengths 
the specimens widely separated and distinct; the former seems more probably correct. 
The postcanine diastema varies from mm. mm. and its length bears relation 
the size the canine. The second premolars may vary from 9.5 13.5 mm. width, 
the lengths are constantly around mm. already shown, the third premolars 
have various lengths and widths and many differences the nature the triangular 

Troxell has proposed the establishment two subspecies. 


Elomeryx tus armatus (Troxell) 
Elomeryx armatus armatus Troxell: Amer. Journ. Sci., 4th Ser., Vol. 332, 1921. 
The author gives the contrasting characters his two subspecies the subjoined 
table. 


armatus armatus armatus angustus 


Character Cat. No. 10,176 


diameter 


diameters form, ant. 


cingulum 
parastyle 
cingulum (internal) 


parastyle 
cingulum 


Styles 


mm. 
Convex, inner half oval 


Internal basal cusp. Cingulum 
base hypocone 
Moderate, weak groove posterior 


Int. basal ridge. Proto- and hypo- 
cone smooth 

Weak 

Int. basal ridge. Proto- and hypo- 
cone smooth 

Not prominent 


Cat. No. 10,393 


14.5 20.5 mm., narrow 

20.5 mm. 

Concave, anterior 
sides parallel 

Encircles hypocone, broken 
protocone 

Very large and prominent indenta- 
tion posterior 

Encircles hypocone, broken 
protocone 

Marked strong groove 

Extends onto and around hypocone, 
broken protocone 

All large, prominent, 
separated grooves. 


Elomeryx armatus angustus Troxell 
Elomeryx armatus angustus Troxell: Amer. Journ. Sci., 4th Ser., Vol. 334. 


the characters enumerated the table, the author adds: ‘‘This new subspecies 


may distinguished the moderately long postcanine diastema, mm.; the very 
narrow P2, 9.5 mm., and 14.5 20.5 mm. moderate proportions, 
concave anteriorly, and has shallow, narrow longitudinal groove. the molars the 
cingula surround the hypocones and, except for slight breaks, the protocones. The styles 


Marsh, C., Amer. Journ. Sci., 3rd Ser., Vol. XLVIII, 176. 
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the outer sides the molars are well marked deep indentations and all are 
prominent. The transverse valley curves backward strongly and ends narrow angle 
(Troxell, op. cit., 334.) 

Troxell adds basal view the fine skull which the type-specimen his subspecies, 
armatus angustus (Cat. No. 10,393 Y.P.M.) and was derived from fully adult, but 
not old animal. This figure renders possible make close comparison with the skull 
referred brachyrhynchus which was figured Scott,! comparison which makes 
plain that the two species are very distinct. What not clear, that the referred skull 
brachyrhynchus was correctly identified, for Osborn and Wortman’s type unfortunately 
lacks the premaxillary region. This referred skull was that old animal, for the first 
and second molars are worn that almost all pattern has been lost and some the differ- 
ences noted may due age. armatus the premaxillaries are very much shorter 
and broader and the incisors are much nearer together; separated from the canine 
short space, not diastema. Troxell’s figure shows many the skull-sutures which 
have disappeared the old skull figured Sco particular, displays the remarkable 
shape the palatines, which is, doubt, comn.on all species the genus. The two 
bones meet very long suture, not only the narial canal back tubular 
prolongation, but also forming considerable area the bony palate between and behind 
the tooth-rows. This interdental area triangular, narrowing point forward. 

Concerning the mandible this species, Troxell reports: only one instance 
the collection are there found the complete lower jaws belonging This slender 
animal with canines less than mm. their longest diameter, the symphysis being weak 
and the whole structure (Op. cit. 333.) 

Horizon: Upper Brulé (Channel Sandstones). 

Locality: Not stated. 


Elomeryx brachyrhynchus (Osborn and Wortman) 


Hyopotamus brachyrhynchus Osborn and Wortman: Bull. Amer. Mus. Nat. Hist., Vol. VI, 
220, 1894. 

Ancodus brachyrhynchus Scott: Journ. Acad. Nat. Phila., (2) Vol. 462, 1895. 

brachystylus Troxell, error typog., Amer. Journ. Sci., 4th Ser., Vol. 333, 1921. 


This the best known species the genus and one the most completely known 
all the bothriodonts; the museum Princeton University partial skeleton from the 
Channel Sandstones the Upper Brulé (No. 10,650) which comprises the skull, with man- 
dible, neck, thorax, foreleg and manus and part the hind leg and pes. second specimen 
(No. 11,162) from the same horizon and locality, very complete hind foot, lacking only 
the epiphysis the tuber calcis. All this material, except skull and dentition, was 
described the account the subfamily and description the teeth and skull was 
included the account the genus; little remains said, therefore, concerning the 
dental and skeletal characteristics the species. 

comparison with that grotesquely long-snouted skull, has short rostrum, but, compared 
with armatus, the muzzle decidedly elongate. the latter, the six incisors are curved 
semicircle, while brachyrhynchus they are nearly straight line, those the two 
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sides being parallel; isolated short space before and longer behind, between 


and the canine. armatus there short space between and the canine. 


Osborn and Wortman’s original description the species is: The principal characters 
are follows: Orbits open posteriorly; sagittal crest; occiput compressed laterally, 
aymardi; paroccipital process prominent and separated from the postglenoid the 
tubular portion the tympanic. The tympanic bullae are well inflated the Peccary, 
but are lower, more rounded, and more elongated 
have little specific importance, they apply almost equally well all genera the sub- 
family except Bothriodon. the table below the dimensions are taken from the skeleton 
the Princeton Museum (No. 10,650). 


MEASUREMENTS 

Upper cheek-tooth series, length........ 125 mm. Humerus, length from ext. tub.......... 234 mm. 
Upper premolar series, length.......... Humerus, width trochlea............ 
Lower cheek-tooth series, length........ 145 Radius, width dist.end............. 
Lower premolar series, length.......... Ulna, length olecranon.............. 
Cranium, length fr. for. mag. ant. rim Metacarpal II, length................. 

Face, length fr. orb. incis. alveoli..... 182 Metacarpal IV, length................ 
Sagittal crest, length.................. Metacarpal length................. 
Premaxillary, facial breadth........... Metacarpal proximal width.......... 
Mandible, height condyle........... 128 Metacarpal IV, proximal width......... 
Mandible, height cor. proc........... 154 Metacarpal proximal width.......... 
Scapula, greatest width............... 

Dimensions the pes referred above (P.U. No. 11,162) are given the following 
table. 
MEASUREMENTS 

Astragalus, width prox. troch........ First phalanx, digit III, length.......... 
Astragalus, width dist. troch......... First phalanx, digit IV, length.......... 
Metatarsal length.................. First phalanx, digit length........... 
Metatarsal II, length................. Second phalanx, digit II, length......... 
Metatarsal III, length................ Second phalanx, digit III, length........ 
Metatarsal IV, length................. 117 Second phalanx, digit IV, length........ 
Metatarsal prox. width............. Ungual phalanx, digit II, length......... 
Metatarsal II, prox. width............. Ungual phalanx, digit III, length........ 
Metatarsal III, prox. width............ Ungual phalanx, digit IV, length........ 
Metatarsal IV, prox. width............ Ungual phalanx, digit length......... 


Metatarsal prox. width............. 


These characters 
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Horizon: Upper Brulé (Channel Sandstones). 
Locality: Big Bad Lands, Cheyenne River, So. Dak. 


Heptacodon Marsh 
(Plates XLIX, LI) 


Heptacodon Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVII, 409, 1894. 

Osborn and Wortman (nec Bull. Amer. Mus. Nat. Hist., Vol. 
221, 1894. 

Octacodon Troxell: part. (nec Marsh), Amer. Journ. Sci., 4th Ser., Vol. 329, 1921. 


The type-specimen this genus and species curtus single tooth, which 
Marsh supposed the third upper molar, m3, but which, Troxell showed, actually 
the second, m2, the left side. was found the channel sandstones the upper 
Brulé. More extensive material was gradually collected the various museums, especially 
that the South Dakota School Mines Rapid City, until the dentition and skull 
were almost completely brought light. Nothing is, yet, definitely known concerning 
the skeleton, but very perfect manus the Yale Museum (No. 10,602) referred 
this genus (Text-figure 123, 479). 

Heptacodon obviously near ally both Bothriodon and belonging the 
same subfamily. From both these genera differs conspicuously the structure 
the upper molars, displayed with perfect clearness the type, which, fortunately, 
completely unworn. These teeth differ from those and Bothriodon the very 
narrow and compressed mesostyle, which not invaded the valley; the two external 
are thus brought much closer together and their adjacent horns are connate; 
their outer faces are much less deeply concave and their apices are relatively lower. 
the other hand, the parastyle very distinct and larger than Bothriodon, but the meta- 
style absent except sometimes m3. The two inner crescents are likewise more closely 
approximated, blocking the valley internally, where Bothriodon and Elomeryz widely 
open. The unpaired, fifth cusp small and the cingulum present only the anterior 
and posterior faces the crown. Another distinct feature Heptacodon that the 
dental series, both above and below, continuous, without diastemata. short, the 
dentition Heptacodon differs from that and Bothriodon almost exactly 
the same way the dentition Merycoidodon differs from that Agriochoerus; the 
parallel remarkable one. 

The material present available not very extensive and widely scattered; 
the Rapid City Museum very fine, undistorted skull, lacking the occiput and mandible, 
here referred karensis; the American Museum there are finely preserved palate 
(No. 1039) and uncrushed mandible (No. 1350) with all the cheek-teeth position and 
badly crushed skull (No. The Yale Museum possesses the type gibbiceps, 
undistorted skull from which, unfortunately, the cranium has been lost, the type 
the genus single m2) and very perfect manus which referred the present genus, 
though with much doubt. The specimens the Princeton Museum comprise only teeth, 
but these are stratigraphic interest; beautiful series upper cheek-teeth position 
from the upper Brulé; two other unnamed groups teeth (Nos. 
are from the lower Brulé and the Chadron respectively, demonstrating that the genus 


' 
5 
| Lal 


476 TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 


passed through all three substages the White River. Unless the manus above mentioned 
properly referred, nothing known the skeleton, though there reason infer 
that differed any significant respect from that the other genera the subfamily. 


DENTITION 


The dental formula unreduced: The incisors are known only from 


alveoli, which show them have been well-developed and functionally important. all 
the individuals which the canines are preserved indicated, these teeth are large and tusk- 
like, almost much the Recent peccaries. How far this sexual, impossible 
yet say, but sexual characteristic, then all the known skulls and mandibles are 
those males, which seems unlikely. 

Upper Teeth. The canine, though stout, rather short; the root gibbous, con- 
siderably exceeding the crown diameter. The premolars, which follow the canine 
without diastema, form closely appressed series, though none them set obliquely 
the median line the jaw. The first premolar, pl, not well preserved any the 
specimens and nearly always represented the empty alveolus, which indicates two 
imperfectly separated roots. one badly crushed skull (A. M., H., No. 12,462) the 
shattered crown present and suffices show that, uninjured condition, this tooth 
was compressed conical shape, with acute apex and trenchant edges. considerably 
larger than pl, which resembles form, and implanted two roots; the compressed- 
conical crown has convex inner and outer faces; the cingulum continuous all around the 
tooth except for very narrow space the middle the buccal side. like p2, but 
larger both diameters and the posterior part the internal cingulum far more promi- 
nent, forming broad ledge, almost separate cusp, which carried upon third root. 
differs decidedly from the other three, though, when viewed from the outer side, 
not dissimilar. The buccal face made concave the development anterior and 
posterior styles, and the median vertical rib indicated, but much less than 
the molars. There large internal cusp, deuterocone, which conical shape. 

The molars are extremely low-crowned; they increase size backward, being 
distinctly the smallest the series, while and are more nearly equal size. 
was usually erupted early and, fully adult animals, has been abraded, that has lost 
almost all traces cuspidation, period when has just begun show signs wear. 
Evidently, however, this feature subject much variation, for specimen the Princeton 
collection, No. 11,135, has all the cheek-teeth position and none them shows more 
than very slight wear, though they had all been erupted simultaneously. ‘The essential 
characters the upper molar-pattern have been enumerated the generic diagnosis; 
may noted here, addition, that the apices the external crescents are not carried 
over the middle the crown, they are Bothriodon, and that these outer cusps which, 
the latter, are the same fore-and-aft line and similar shape, are not line and 
differ Heptacodon the posterior crescent obliquely placed, that its external 
face slightly inclined inward and backward. The hinder creseent also less concave 
than the forward one, and, altogether, the two crescents are distinctly different, but they 
agree having well-defined median ribs. The para- and mesostyles are prominent and 
nearly equal size; the compressed and narrow mesostyle the strongest contrast the 
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massive convex buttress the Bothriodon molar. The metastyle lacking, except 
m3, where usually small. 

Lower Teeth. For some unexplained reason, lower jaws this genus are much rarer 
than skulls and the only well-preserved mandible that has come attention the 
American Museum specimen occidentalis (No. 1360) which shown Plate LI, 
Fig. jaw entirely free from crushing, distortion, and has retained all the 
teeth except the incisors, canine, and first premolar, though the empty sockets enable one 
infer their size and position and they establish the fact that, the upper jaw, the 
teeth are uninterrupted series without diastemata. the incisors, the second one, 
i2, was evidently much the largest, and the lateral one, i3, the smallest. oblique course 
the alveoli shows that the incisors must have been semi-procumbent. 

The canine was much larger than any the incisors and, though somewhat smaller 
than the upper one, was evidently erect tusk, large enough real weapon, 
formidable, perhaps, those the peccaries. 

The four premolars increase size backward regular gradations, and are all very 
much alike save minor details. The foremost premolar, pl, was inserted single 
root and, doubt, resembled p2, except size. All the premolars present the jaw 
have narrow, sharp-pointed and trenchant crowns and each them, except pl, has two 
roots; perfectly simple, save for the posterior cingulum and, above that, minute 
enamel tubercle; has short internal ridge the posterior half the crown, which 
encloses enamel pocket with the cingulum. the internal ridge has more median 
position, descending from the apex the cone and the enamel pocket becomes valley; 
the posterior cingulum also more prominent than the other premolars. 

The molars, which increase regularly size posteriorly, differ less from those 
Bothriodon than the upper molars. The external cusps are only imperfectly crescentic, 
for their lingual faces have but shallow valleys and the internal cusps are conical rather 
than crescentic shape. Even the unworn state, the apices the crescents are much 
lower and less sharp-pointed than Bothriodon. The cingulum incomplete the buccal 
side and absent from the lingual, distinct, though not prominent, the anterior and 
posterior faces. Even without the talon, the largest the molars and the talon 
itself relatively large and has concave antero-internal face. 


SKULL 


The skull Heptacodon much like that that detailed description 
will required; particular, the resemblance the appearance and structure the 
skull between karensis and brachyrhynchus close deceptive. far, 
the best available skull yet known Heptacodon the Museum the South Dakota 
School Mines, Rapid City, which, though lacking the occiput, almost completely free 
from distortion, rare piece good fortune this family. The most obvious differences 
from are: (1) the face not long, and the cranium longer; (2) the temporal 
openings have greater antero-posterior length; (3) the zygomatic arches are decidedly 
longer and heavier and curve out farther and more boldly from the sides the skull; 
(4) the forehead shorter and not flat, having low median convexity; (5) the post- 
orbital processes the frontals are longer and more pointed; (6) the ridges are 
more prominent and rugose and diverge less abruptly from the sagittal crest; (7) the 
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rostrum has edentulous space; (8) the sheath the upper canine forms prominent 
projection, the peccaries; (9) the posterior nares are very different, opening between 
the tooth-rows and having tubular prolongation; (10) the two rami the mandible 
are co-ossified, even young adults; (11) the mandibular symphysis has very different 
shape, not being procumbent, but steeply rounded; (12) the angle much less produced 
downward; (13) the coronoid process more erect. 

the comparison made with armatus, the differences are even more striking, for 
that species has much more elongate rostrum than brachyrhynchus and longer dia- 
stemata and its skull-proportions are more like those seen Bothriodon. 

the character and position the posterior nares, Heptacodon differs strikingly from 
Elomeryx, agreeing much better with Bothriodon. other genus the subfamily, 
which that part the skull known, displays the same peculiarity with its 
tubular prolongation the narial canal, produced the union the two palatine bones 
the middle line and bringing the opening far behind the molar teeth. Heptacodon 
the opening the usual position, between the two rows molars; this likewise true 
Bothriodon, but the various species the latter genus, French and American, there 
are differences the position the opening, which farther back some than others, 
but none them the condition seen Elomeryx even approximated, condition 
which rare artiodactyls. 

The mandible Heptacodon occidentalis the American Museum (No. 1360) the 
only one yet known which referable this genus, that jaw indubitably is. This 
mandible belonged young adult, with fully erupted and and but little worn. 
Nevertheless, the two halves the jaw are completely ankylosed, which notable 
difference from Elomeryx and Bothriodon. characteristic the form the sym- 
physis, which the two genera more less completely procumbent and shallow, 
and there chin, while Heptacodon the ventral border the jaw rises steeply into 
the abruptly rounded chin, which more the oreodonts. The horizontal ramus 
deeper dorso-ventrally and more uniform depth than the other genera, and the angle 
much less produced below the ventral border the ramus, much reducing the relative 
height the condyle and the coronoid process more erect, less inclined backward. The 
masseteric fossa relatively larger, deeper and better defined. 

Most the species Heptacodon are smaller animals than those and 
very much smaller than the American forms Bothriodon; the species which proposed 
call quadratus the smallest the White River group, far yet known. 

part the skeleton, other than the skull, assuredly referable Heptacodon; 
there is, however, the Yale Museum remarkably perfect right manus, accompanied 
only the distal ends ulna and radius, which uncertain reference. The field-label 
gives Hermosa, South Dakota, the locality and does not specify the horizon, but the 
character the matrix suggests the Chadron. really was derived from that substage, 
the probability its belonging Heptacodon decidedly increased, especially differs 
somewhat from both and Bothriodon. The foot complete, except for the ungual 
phalanges digits and 

The carpus rather narrow and shows tendency enlargement the ulnar side. 
The scaphoid the smallest bone the proximal row and displays several 
the surface for the radius narrow, slightly concave and very oblique, sloping down toward 
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the inner side; the ulnar side are large proximal and very small distal facet for the 
lunar, the distal one near the dorsal border. the distal end are only two facets, for the 
trapezoid and magnum respectively there none for the trapezium, which exceptional 
pentadactyl manus and difference from Bothriodon and 


Fig. 123. ?Heptacodon sp. Right manus. Peabody Mus. Yale Univ. 


The lunar the largest element the proximal row; complicated-looking bone 
and bears articular surfaces four its six sides; the proximal end covered the 
large facet for the radius, which two continuous parts; the dorsal portion convex 
and reflected down upon the dorsal side, while the palmar portion saddle-shaped. 
the radial side are two facets for the scaphoid and, the ulnar side, two for the pyramidal. 
The distal end occupied facets for the magnum and unciform, which meet sharp 
angle; the former more distinctly divided into dorsal and palmar concavities. 

The pyramidal relatively small, especially breadth; the surface for the ulna 
shallow, transverse groove, descending toward the external side, where the proximo-distal 


| 
5 


480 TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 


length less than the internal side; the palmar face very shallow concavity for 
the pisiform. The pisiform peculiar being very long, narrow and curved, convex 
the ulnar side; the distal end has been lost, the full length the cannot de- 
termined, but there would seem have been club-like thickening the This 
element has nearly parallel borders, being almost uniform breadth; the proximal end 
considerably thickened and bears large facet for the pyramidal and very small one for 
the ulna. the pisiform Bothriodon and not known, comparison with 
those genera can made. 

The small and does not articulate with the scaphoid, but only with the 
trapezoid; shape, with the proximo-distal diameter the principal one, 
narrow and compressed transversely; distally carries me. The trapezoid also small; 
broadest the palmar side, narrowing edge the dorsal. The proximal end 
covered the scaphoid and, disto-laterally, there small facet for the trapezium; 
the distal facet for me. slightly concave palmo-dorsally; the ulnar side are 
three facets for the magnum, proximal, distal, and palmar. The magnum larger than 
would inferred from the dorsal face, rises toward the palmar side into the character- 
istic making the proximo-distal length much greater the palmar side and this 
length further increased the long and bluntly rounded hook-like process. The 
proximal end divided into somewhat larger facet for the scaphoid and smaller one 
for the lunar; the two meeting ridge. the radial side are four facets, three for the 
trapezoid and the fourth for the process When magnum and trapezoid are 
placed position and viewed from the distal side, circular canal seen between them; 
the facet for the unciform very limited. the distal end saddle-shaped facet for 
me. III, which broad the dorsal side, contracting abruptly long and narrow 
palmar extension. The very much Elomeryz. 

The Metacarpus, Bothriodon and has five members, that the pollex 
much shorter and more slender than the others, that can have been use. The 
proximal end broad and thin and has small facet for the trapezium; the shaft relatively 
broad and curved convexly toward the radial side; the distal trochlea for the first phalanx 
very low. The functional metacarpals, have the arrangement usual among 
artiodactyls and yet the symmetry incomplete, for mc. III somewhat longer than 
me. IV, and me. longer and stouter than and the median pair are 
much longer and heavier than the laterals. The second metacarpal, me. II, slender, 
with thickened proximal end, and obliquely concave facet for the trapezoid, which 
extended back along the prominent palmar projection. narrow process from the ulnar 
side overlaps the head me. III and abuts against the magnum; there also palmar 
facet for the magnum, the two separated broad sulcus; the shaft trihedral, with 
flat ulnar side, which appressed me. III, slightly convex dorsal and palmar faces and 
bluntly rounded radial edge. The shaft somewhat bowed, making concave the 
radial side. The distal end relatively heavy and the trochlea tends hemispherical 
shape, more carnivore-like than ungulate; the carina prominent visible from 
the front. 

Metacarpal III the longest and slightly the heaviest the series; the proximal 
end but little wider than the shaft, but made thick palmo-dorsally the massive 
palmar process; relatively large projection overlaps the head me. articulate with 
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the unciform. The shaft broad and palmo-dorsally compressed, widening very gradually 
the distal end; the trochlea, though less hemispherical than that me. II, has not the 
semicylindrical shape seen most artiodactyls and the carina very prominent. 

Metacarpal little shorter and more slender than me. III, but, otherwise, 
very much like and has similar, heavy palmar projection from the proximal end. 
Metacarpal distinctly shorter than me. and is, course, curved the opposite 
sense; the proximal end somewhat broadened and thickened rugosities and has 
narrow facet for the unciform. 

The Phalanges, except the unguals digits and III, are all present the specimen; 
the first phalanx the pollex is, comparison with the metacarpal, elongate and slender, 
tapering the lateral digits, and the proximal phalanx relatively longer 
and more slender than the median pair, though, actually, little longer the latter 
and, digit II, somewhat longer than both the lateral digits the first 
phalanx asymmetrically curved and the distal articular surface almost entirely palmar, 
hardly all reflected upon the dorsal side. the median digits, III and IV, the first 
phalanx comparatively short and stout and but slightly asymmetrical and the distal 
trochlea less exclusively palmar than the lateral digits. The second phalanx the 
laterals very much shorter than the first and asymmetrical similar fashion, with the 
distal trochlea reflected farther upon the dorsal side. The second phalanx the median 
digits stouter and more symmetrical, otherwise much the same the laterals. 

The ungual phalanges are much smaller than Bothriodon and different shape, 
being shorter and with more pointed ends. (Compare text-figures 122, 451, and 123, 
479.) most artiodactyls the unguals are pointed and more less trihedral, and 
the fossils demonstrate that the nodular unguals Recent camels were derived from 
deer-like hoofs. the bothriodonts, the oreodonts, there are rounded ends with 
convex dorsal and flattened palmar surfaces. 

Species. Heptacodon, previously noted, occurs all three subdivisions the White 
River stage, but each species the genus would seem confined single substage, 
although, course, such statement can made positively, future discoveries may, 
any time, invalidate it. the course this monograph, attention has repeatedly 
been called the great difficulty discriminating species among White River 
but the species Heptacodon would seem unusually well defined and not confused 
individual, fluctuating variations most the other genera mammals. part, 


however, this distinctness due the small number available specimens; with more 
numerous suites individuals and better preserved ones, intergradations will, doubt, 


prove more frequent. oft-repeated difficulty dealing with the species White 
River mammals the lack minute stratigraphic knowledge. Until the beds shall have 
been accurately zoned, will not always possible distinguish between contemporary 
and successive forms, essential factor taxonomic determinations. 

the subjoined table will found stratigraphic arrangement the species now 
regarded admissible: 
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SPECIES HEPTACODON 


curtus Marsh 
Upper Brulé karensis (O. and W.) 

gibbiceps Marsh 

occidentalis nom. nov. 
Lower Brulé 

quadratus sp. nov. 
Chadron sp. innominata 


Heptacodon curtus Marsh 
Heptacodon curtus Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVII, 409, 1894. 


The original description genus and species follows: very perfect last upper 
molar, which may taken the type, shown natural size the accompanying figures. 
Its crown composed the same main elements the corresponding tooth Hyo- 
potamus, but all the five cusps are much less elevated. addition, the basal ridge the 
outer margin swollen into two high pointed cusps, making seven all and this has 
suggested the generic name. 

the outer cusps, buttresses, the anterior one the larger, and situated well 
forward and partly outside the main body the crown. The antero-median cusp 
well developed, triangular outline, and situated somewhat advance the other two 
anterior cusps. The two interior cones are connected near their margins low 
ridge, and their summits are joined high outward-curved ridge, which extends nearly 
the center the crown. The crown itself very short, considerably shorter than 
the molars Hyopotamus. 

animal thus indicated, which may called Heptacodon curtus, was somewhat 
larger than sheep. known remains are from the upper Miocene South 
(Marsh, loc. cit.) 

Troxell! has amended and added Marsh’s description thus: ‘‘This specimen, 
probably the second upper molar (See fig. shown wear the posterior side, 
markedly distinct from any other specimen hand and bears little resemblance Anthra- 
cotherium magnum Cuvier, form its distinctive features are follows: 
absence cingulum except the anterior side; the bases the proto- and hypocone 
equal; these two cones joined two ridges inclosing deep short segment the transverse 
groove; the proto-conule the para- and meta-cones most prominent all the moderate 
cones; ridges from them joining one from the mesostyle form Octacodon; the 
parastyle very prominent, with sharp cusp, and widely separated from the mesostyle; 
the metastyle almost obsolete. The dimensions are: antero-posterior, 19.5 mm. outer 
border, and transverse 21.5 mm. anterior (Troxell, op. cit. pp. 327-8.) 

The only other specimen small species yet reported from the channel sandstones 
the upper Brulé, badly crushed skull the American Museum (No. 12,462). 
appears from the table measurements below, somewhat larger than the type- 
specimen, but allowance must made for distortion, which great that the measure- 
ments, given, can only approximate, but are, any event, within the limits indi- 
vidual variation. 


Amer. Journ. Sci., 4th Ser., Vol. pp. 1921. 
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MEASUREMENTS 
No. 12,462 


Horizon: Upper Brulé (Channel Sandstones). 
Localities: Type, fr. Phinney, So. Dak., No. 12,452, Bad 


Heptacodon occidentalis nom. nov. 


Anthracotherium curtum Osborn and Wortman: Bull. Amer. Mus. Nat. Hist., Vol. VI, 
221, 1894. 


This specific term anomalous position, and difficult decide whether 
should not attributed Osborn and Wortman, who used unintentionally. one 
their earlier papers the White River they described two species Anthra- 
which they proposed name karense from the Beds,” and 
smaller species from the ‘‘Oreodon Beds,” occidentale. Before their manuscript could 
sent press, these authors received from Professor Marsh paper which Heptacodon 
curtus gen. sp. was described. Osborn and Wortman identified this new species 
with their own intended occidentale and, rejecting the generic term Heptacodon, called 
Anthracotherium curtum; their specimen, upper dentition (A.M.N.H. No. 1039), 
very much more complete than Marsh’s type. the same time, they allowed their term, 
occidentale, remain the formal diagnosis, obviously inadvertence. the rule 
nomenclature, ‘‘once synonym, always synonym,” followed, the name 
occidentalis cannot attributed Osborn and Wortman, for such attribution would make 
synonym Heptacodon curtus and require the coining another term. 

Troxell contended that the identification made Osborn and Wortman was 
mistaken one, writing: referred specimen these authors, curtum (Marsh), 
No. 1039 American Museum Collection, cannot considered the same Heptacodon 
curtus Marsh, but should all probability placed with Octacodon, cf. gibbiceps, 


Bull. Amer. Mus. Nat. Hist., Vol. VI, pp. 221, 223, 1894. 
Amer. Journ. Sci., 4th Ser., Vol. 328, footnote, 1921. 
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spite its earlier The reference Octacodon very surprising and seems 
altogether untenable. 

the specific name, the principle synonym, always pre- 
cludes the use occidentalis, attributed Osborn and Wortman, who, far 
they may said have used all, made synonym their unin- 
tentional use recognized, will necessary coin new term and, the interest 
simplicity and stability, will better hold that such inadvertent use gives the 
term standing even synonym. 

occidentalis one the smaller species, agreeing size rather closely with 
curtus, but notably larger than quadratus. The type-specimen (A.M.N.H. No. 1039), 
finely preserved palate, with unworn upper dentition, which only the incisors and 
are lacking. 

Osborn and Wortman’s diagnosis this species follows: P4, M3. 
with low cusps semibunodont. Feeble metastyle M3. Internal cingulum not promi- 
nent. Measurements M2-3 mm.” 

Their description reads: 

dentition. The canine vertically placed and more triangular form than 
the European species [of Anthracotherium] and exhibits sharply worn anterior face. 
Pm. missing; single-fanged. Pm. has traces the cingulum the outer angles 
and upon the inner face. pm. these features are strengthened and this tooth exhibits 
postero-internal shelf. Pm. has well-developed internal cusp (deuterocone) surrounded 
basal cingulum; the protocone subcrescentic. The molars exhibit rather low obtuse 
cusps crescentic form with the characteristic protoconule; the parastyle and mesostyle 
are low and obtuse; the metastyle rudimentary incipient except M3; the internal 
cingulum not very 

These upper molars differ from those curtus lacking the conspicuous enamel- 
pocket between the internal crescents, the larger size and differing shape the 
mesostyle, the larger intermediate conule and much more prominent ribs the 
outer crescents. 

Lower Dentition. The only known lower teeth which are referable Heptacodon are 
those contained the mandible (A.M.N.H. No. 1360) which here identified 
occidentalis. these have already been described the account the genus (p. 477) 
will not necessary repeat the description. The dimensions given the table are 
those the type-specimen, A.M.N.H. No. 1039. 


MEASUREMENTS 

Upper canine, ant.-post. diam........... mm. P4, transverse diameter............... 
Upper canine, transverse diam........... Upper molar series, length............ 
Upper cheek-tooth series, length ant.-post. diameter............... 

P2, ant.-post. diameter................. M1, transverse diameter.............. 20.5 

P2, transverse diameter................ M2, ant.-post. diameter............... 

ant.-post. diameter................. M2, transverse diameter.............. 

P3, transverse diameter................ ant.-post. diameter............... 
M3, transverse diameter.............. 


The mandible (A.M.N.H. No. 1360) may equally well assigned curtus and 
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occidentalis, but here referred the latter, because its occurrence the same 
horizon. 


MEASUREMENTS 

Lower dentition, length mm. P4, transverse diameter............... 
Lower canine alv. ant.-post. Lower molar series, length............. 
Lower cheek-tooth, series, 125 ant.-post. diameter............... 
Lower premolar series, length........ transverse diameter.............. 
P2, ant.-post. diameter.............. 12.5 ant.-post. diameter............... 
P2, transverse diameter............. M2, transverse diameter.............. 
P3, ant.-post. diameter.............. M3, ant.-post. diameter............... 
P3, transverse diameter.............. M3, transverse diameter.............. 
P4, ant.-post. diameter.............. Mandible, length from cond............ 215 
Mandible, length from angle......... 214 Mandible, depth 
Mandible, length Mandible, depth m3................ 
Mandible, height condyle.......... Mandible, thickness m2............. 
Mandible, height coronoid......... 


Horizon: Lower Brulé (Metamynodon Channels). 
Localities: Big Bad Lands; Cheyenne River, So. Dak. 


Heptacodon karensis (Osborn and Wortman) 
(Plate 


Anthracotherium karense Osborn and Wortman: Bull. Amer. Mus. Nat. Hist., Vol. VI, 
223, 1894. 


Octacodon gibbiceps Troxell: Amer. Journ. Sci., 4th Ser., Vol. 328, footnote. 


Comparing this species with curtus (Anthracotherium curtum) Osborn and Wortman 
say: larger form from the Protoceras Beds and represented the last two 
upper molars the left side (No. 1040), and well distinguished the very strong 
development the mesostyle upon and and the prominent metastyle 
The formal diagnosis reads: unknown. Cusps molars elevated and crescentic. 
Mesostyle prominent crested spur. Metastyle very prominent M3. Measurements: 
M2-3, 54mm. Width M3, cit.) 

The difference size appears constant and without noteworthy intergradations 
contemporaneous beds, for occidentalis hardly enters the comparison, because its 
earlier age. For this reason, have referred this species the fine series unworn 
cheek-teeth from the Channel Sandstones the upper Brulé the Princeton Museum 
(No. 11,135). Almost certain the reference karensis the beautiful skull the 
State School Mines Collection, Rapid City, So. Dak., which indisputably belongs 
Heptacodon and, though lacks occiput and mandible, the best-preserved skull, attribut- 
able this genus, which has yet been found. 

This material has been described connection with the account the genus, and all 
that necessary here point out the most distinguishing characteristics the species 
and give the dimensions. The most important characters are: (1) the relatively large 
size, though this shared gibbiceps; (2) the cusps the upper molars are higher 
and more crescentic form; (3) the development the metastyle m3, which 
larger than occidentalis, smaller than gibbiceps; (4) the absence inflation 
the antorbital facial region (5) the comparatively forward position the posterior nares. 


4 


” 
ty 
2 
- 


THE AMERICAN PHILOSOPHICAL SOCIETY 


Unfortunately, unable give the dimensions the Rapid City skull, but these 
may closely estimated from Plate the table below this skull designated 
its number, No. 2751, and P.U. No. 11,135 the series cheek-teeth. mentioned above. 


MEASUREMENTS 

So. Dak. 

No. 2761 No. 11,135 
Upper canine, ant.-post. diameter.................... mm. 
Upper canine, transverse diameter................... 
Upper cheek-tooth series, 135 
Upper cheek-tooth series, length 122 120 mm. 
Upper premolar series, 


Horizon: Upper Brulé (Protoceras Channels). 
Locality: Big Bad Lands, Cheyenne River, So. Dak. 


Heptacodon gibbiceps Marsh 
(Plate LI, Fig. 


Heptacodon gibbiceps Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVIII, 175, 
Octacodon gibbiceps Troxell: 4th Ser., Vol. 329, 1921. 


The only known specimen this species Marsh’s type (Yale Museum, No. 10,194) 
the facial portion skull, including the orbits, but lacking cranium and mandible. 
under great obligations Dr. Thorpe, whose courtesy owe the opportunity 
studying and figuring this fine skull. Except for small outline drawing given 
Troxell (op. cit., 330) and the cut Marsh, figures the species have been 
published. The skull remarkably free from distortion and most unfortunate that 
the cranium was weathered away before the discovery. 

The essential part the original description follows: facial portion this 
skull strongly rounded above, especially the frontal region, and this has suggested 
the specific name. The orbits are large and not closed behind, although limited posteriorly 
strong processes above and below. There antorbital depression and the lachrymal 
foramen inside the orbit. The nasals are elongate, narrow front, and widely expanded 
behind where they join the frontals. They touch the lachrymals, thus separating the 
maxillaries from the frontals. 
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were, all, forty-four teeth. Three incisors were present each side above, 
and there diastema behind the last one. The upper canine was large and directed 
well forward and outward. diastema behind the canine and the four premolars 
form with the true molars continuous series. The first and second premolars are secant, 
the third subtriangular outline, while the fourth has its crown composed one external 
cusp and one internal cone. ‘‘The posterior nares open opposite the middle the 
last upper (Op. cit. 174.) 

Troxell’s this species which refers Octacodon should also cited: 
differences [from are minor, comparatively, but are sufficient distinguish 
the two species: gibbiceps note the weaker styles without sharp separation, the 
faint cingulum both outside and back the hypocone, the less deep valleys and the strong 
ridge from hypocone the center the tooth. 

nearly equal and has the same form; slightly smaller; the 
cusps are not tall, but the deuterocone broad the base; the anterior and posterior 
sides the tooth are symmetrical; very broad anteriorly and squared, and the inner 
shelf weak; strong postero-exterior fold constitutes the tritocone; oblong due 
the very wide anterior edge and the absence inner shelf deuterocone. The absence 
diastemata around P1, the shorter, broader face and the position the posterior nares 
opposite are very distinctive the species and probably the genus.”’ 

gibbiceps one the larger species and very close size, but, 
otherwise very distinct. The exceptionally fine skull the Rapid City museum, which 
have referred karensis, certainly not the same species gibbiceps, though 
the reference karensis may possibly mistaken; so, that skull must belong 
undescribed species, which seems unlikely. all the skulls referable this genus, 
the upper canines are large, heavy and tusk-like and their sheaths make prominent con- 
vexities the sides the muzzle, somewhat the peccaries, although the small 
curtus the tusks are relatively smaller and less prominent. The jaw less shortened 
than the latter and the canine not overlapped the first premolar, 
occidentalis, though there diastema between the two teeth. The first premolar, which 
had been lost both sides before fossilization, shown the alveolus have been small 
and single-rooted; all the other cheek-teeth are place. 

P2, separated very short space from and still shorter one from p3, larger 
and implanted two roots and has very simple crown compressed-conical shape, 
but low and thick; subtriangular, with rounded corners, and has heavy cingulum 
all around the tooth except the middle the buccal face. also has two roots and 
like form, but much thicker transversely and, the lingual side, the cingulum 
forms prominent, tuberculated ridge; the buccal face the cingulum inconspicuous, 
except where forms distinct posterior style. This tooth has somewhat oblique 
position, inclined backward and outward from the median line. different from the 
other premolars having three roots and bicuspid crown, with large and well-developed 
deuterocone; the buccal side there are anterior and posterior styles, which make the 
outer face slightly concave, and there faintly marked median rib; the cingulum 
only the anterior and posterior faces and sends spur into the valley between 
proto- and deuterocones. 


Amer. Journ. Sci., 4th Ser., Vol. pp. 330-1. 
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The type-skull that old animal which worn down, have lost 
almost all trace pattern, yet even this old skull the premolars are but little abraded, 
contrasting strongly with the molars that respect; hardly all and 
and only the apices the cones show distinct abrasion and rather more worn than 
p3. These facts would seem indicate that the premolars were relatively little im- 
portance mastication. 

The molars increase size from m3, but only the latter shows the complete 
cuspidation; resembles the same tooth curtus and karensis except for the meta- 
style, which small occidentalis, large karensis and still larger gibbiceps. 
the large metastyle the latter which induced Troxell refer this species Octacodon. 
both the other species, gibbiceps has very large parastyle, smaller, 
but still prominent and thin mesostyle, which not invaded the valley, the adjacent 
horns the external crescents being connected. The tooth-rows the two sides the 
jaw are not quite parallel, though the hard palate nearly uniform width; each row 
slightly curved, with the convexity toward the median line. 

The characteristic feature the skull, which noted the specific name, the 
swollen look the preorbital region, due, doubt, the unusual development the 
antrum and probably the frontal sinus also, and, addition, the relatively great breadth 
the skull over the orbits. The orbit low the side the face and the infraorbital 
foramen opens far forward, above p4; front this foramen and above the alveolar 
border, the maxillary concave; dorsal that, convex, the convexity passing into 
the canine swelling. Another characteristic this skull its unusual dorso-ventral 
height, the absence any down-crushing giving full value this dimension. The Rapid 
City skull here referred karensis also free from distortion and the specimen under 
consideration the height greatest above the orbits, whence the upper contour slopes 
gently downward the anterior nares. The nasals, which are slightly convex both 
directions, are much broadened posteriorly and the two sutures with the frontals form 
nearly perfect right angle. The posterior expansion each nasal thus wedged in, 
were, between frontal and maxillary; the naso-premaxillary contact long. 

The premaxillae are large bones proportionately; the horizontal portion forms heavy 
alveolar processes for the large incisors, all which had been lost from this skull before its 
burial. The ascending ramus also large and forms broad, smooth lateral surface 
front the canine; the suture with the maxillary long and follows oblique course. 
The incisive foramina are broad and invade the palatine processes the maxillaries 
heart-shaped emargination. The premaxillary spines appear very short and fail 
reach the palatine plates, but, Professor Marsh suggested, this may accidental. 
The hard palate narrow and concave and the anterior border the posterior nares 
line with the middle m3, position which somewhat farther back than karensis, 
but the difference from that species small. 
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MEASUREMENTS 
Upper dentition, length *.............. 193 mm. Upper molar series, length............. mm. 
Upper incisor series, length *........... M1, ant.-post. 
Upper canine, ant.-post. diam.*........ M2, ant.-post. 
Upper canine, transverse diam.*........ M2, transverse diameter............... 
Upper cheek-tooth series, 140 M3, ant.-post. 
Upper premolar series, length *........ M3, transverse diameter............... 
P2, ant.-post. Skull, width ant.-orb. rim........... 102 
P2, transverse diameter............... Skull, width over jugals............... 163 
P3, ant.-post. diameter........ Prmx. ant.-post. 
P3, transverse diameter............... Rostrum, width over canines........... 
P4, ant.-post. diameter................ Anterior nares, width................. 
P4, transverse diameter............... Palate, length med. line............. 184 


Alveolar measurement. 


Horizon: Upper Brulé (Protoceras Channels). 
Locality: South Dakota. 


Heptacodon quadratus sp. nov. 
(Plate LI, Fig. 


the museum Princeton University are three upper molars (No. 10,828), plainly 
referable Heptacodon and possibly belonging very small individual occidentalis. 
the absence any intergradations, however, more probable that these teeth represent 
undescribed species. general rule, inadvisable establish new genera 
species upon narrow basis two three teeth, but, this particular subfamily, 
that course has repeatedly been followed and thoroughly justified subsequent discoveries; 
Octacodon and Heptacodon were each founded upon single tooth and karensis upon 
two upper molars. according precedent, therefore, that new species proposed 
with exiguous type. 

The specimen consists fragment the right superior maxillary with and 
position and remnant placed the socket, indicate that had not been 
erupted. the left side also associated with the other teeth and was obviously 
derived from the same individual. All these teeth are remarkably free from any sign 
wear and must have been freshly erupted the time the animal’s death. They 
differ from those occidentalis their very small size, strongly wrinkled enamel and 
the quadrate outline ml. This much the smallest member the subfamily that 
has yet been found. 


MEASUREMENTS 
M1, ant.-post. diameter................ mm. M2, ant.-post. diameter................ mm. 
M1, transverse diameter............... M2, transverse 


Horizon: Lower Brulé. 
Locality: Big Bad Lands, So. Dak. 
Heptacodon sp. 


Another group isolated teeth the Princeton Museum (No. 10,915) great 
interest, because found the Chadron substage. species name suggested, for 
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diagnosis can given, except note the very large metastyle and m3, these teeth 
might perfectly well belong occidentalis. not assigned that species, however, 
because the improbability the same species occurring the Chadron and the lower 
Brulé. There are such occurrences, but they are exceptional and their number should not 
increased without better evidence. 


MEASUREMENTS 


ant.-post. diameter................ transverse diameter............... 


Horizon: Chadron. 

Locality: Corral Draw, So. Dak. 

The manus (Yale P.M. No. 10,602) described under the heading the genus yields 
the measurements the table subjoined. The stratigraphic horizon from which this 
specimen was taken, not definitely known; may have been the Chadron and, so, 
probably referable the same species the teeth the Princeton collection just described. 


MEASUREMENTS (Yale P.M. No. 10,602) 


Metacarpal prox. width............ Digit phalanx prox. width........ 
Metacarpal prox. thickness......... Digit II, phalanx length............ 31.5 
Metacarpal length................ Digit II, phalanx 13.5 
Metacarpal II, prox. width............ 12.5 Digit II, phalanx length............ 
Metacarpal II, prox. thickness......... Digit II, phalanx prox. width....... 10.6 
Metacarpal II, breadth shaft........ Digit II, ungual, length............... 13.5 
Metacarpal max. length.......... Digit II, ungual, prox. width.......... 8.5 
Metacarpal length med. Digit III, phalanx length........... 
Metacarpal III, prox. width........... Digit III, phalanx prox. width....... 
Metacarpal III, prox. thickness........ Digit phalanx length........... 
Metacarpal III, breadth shaft....... Digit III, phalanx prox. width....... 
Metacarpal III, distal width.......... Digit IV, phalanx length........... 
Metacarpal IV, max. length........... Digit IV, phalanx prox. width....... 
Metacarpal IV, prox. width........... Digit IV, phalanx length........... 
Metacarpal IV, prox. thickness........ Digit IV, phalanx prox. width....... 
Metacarpal IV, breadth shaft....... Digit IV, ungual, length......... 
Metacarpal IV, distal width........... Digit IV, ungual, prox. width......... 
Metacarpal prox. width............ Digit phalanx prox. width........ 
Metacarpal prox. thickness......... Digit phalanx length............ 
Metacarpal breadth shaft........ Digit phalanx prox. width........ 
Metacarpal distal width............ Digit ungual, length............... 


Horizon: ?Chadron. 
Locality: Hermosa, So. Dak. 


Octacodon Marsh 


(Plate XLIX) 


Octacodon Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVIII, 178, 1894. 


The original description valens gen. sp. nov. founded single molar, 


the right side and associated incisor, and reads follows: ‘‘The tooth represented 
may regarded the type the present genus and species. 


the last upper 
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molar the right side, and fine preservation. The slight wear the tooth shows that 
the animal was adult. There are five main cusps the crown, two the posterior half, 
and three the anterior, the antero-median cusp being the smallest. the outer margin 
the tooth are three prominent buttresses with conical summits, making all eight 
prominences the crown, which feature has suggested the generic name. 

“The three conical buttresses the outer border this tooth all strongly developed, 
will serve distinguish from the corresponding molar Hyopotamus, which several 
respects resembles. that genus the main cusps are much more elevated. Heptacodon, 
perhaps allied form, has similar buttress the anterior angle, but none the 

this description Troxell adds: low cusps, absence cingula excepting 
weak one anteriorly, the prominence the three styles, and especially the para- and 
mesostyles, the shallowness the transverse valley, which ends between the para- and 
metacone, the distinct ridge from the cusp the mesostyle forming with ridges from 
the para- and metacones, the short antero-posterior and the great transverse diameter 
anterior[ly], and the general smoothness, are all features that separate the species from 
those any other genus.”’ 

This exceedingly rare genus is, yet, known only from the type-specimen, isolated 
third upper molar the right side and incisor, found the upper Brulé South Dakota. 
The tooth shows but slight traces wear and perfectly characteristic, clearly indicating 
genus allied but entirely distinct from both Bothriodon and Heptacodon, though nearer 
the latter. agrees with Heptacodon and from that Bothriodon, the 
close approximation the two external crescents, the adjacent horns which are united, 
and the absence valley invading the mesostyle. differs from both the genera 
named the extraordinary development the three external styles which are exceed- 
ingly prominent that their bases are nearly, quite contact, closing the valleys the 
outer crescents, Para- and mesostyles are nearly equal size, the metastyle decidedly 
smaller, but still very much larger than the other genera. These three external promi- 
nences are very conspicuous and give the tooth entirely different expression from the 
molars any other known genus the family. The form the mesostyle is, sense, 
intermediate between that Bothriodon and that Heptacodon; massive and 
prominent the former, but solid and not invaded the valley, the latter. 

Further differences from Heptacodon are follows: (1) the adjacent horns the 
external crescents are not confluent, but separated very narrow space; (2) the vertical 
ribs these crescents are much more distinct; (3) the unpaired cusp, protoconule, 
relatively larger; (4) the cingulum, which extends around the internal, anterior and posterior 

faces, dying away toward the outer sides the latter, far more massive; (5) the apices 
the outer crescents are carried much farther toward the middle the crown; (6) the 
enamel smooth. 


Octacodon valens Marsh 
Octacodon valens Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVIII, 92, 1894. 
this the only species referable the genus, additional description required 
other than give the dimensions. 


Amer. Journ. Sci., 4th Ser., Vol. 329. 
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MEASUREMENTS 


M3, transverse diam. middle 31.5 


Horizon: Upper Brulé (Protoceras Channels). 
Locality: Hermosa, So. Dak. 


ORIGIN AND RELATIONSHIPS AMERICAN BOTHRIODONTS 


That the subfamily Old World origin, can hardly questioned, for anthracotheres 
are abundant the European Eocene, while nothing known the North American 
Eocene, which can regarded ancestral the White River genera the group. 
Bothriodon and Heptacodon occur together the Chadron, obviously immigrants, 
although the latter has not yet been found the Old World. The former persisted into 
the lower Brulé and then died out, though, possibly Octacodon was derived from it; this 
genus still too incompletely known for any definite assertions ancestry. Probably 
was native origin, was also Elomeryx, which seems have been derived from some 
small species Bothriodon that remains discovered the Chadron and the lower 
Brulé. is, course, possible that was immigrant, but seems more 
probable that arose North America through the modification Bothriodon. The 
molar pattern the same that genus and characteristically different from those seen 
Heptacodon and Octacodon and the skull very similar, though with shorter rostrum. 
The incisors are well-spaced apart and there are diastemata front and behind the 
canine. The two rami the mandible are separate except, perhaps, aged individuals, 
and the symphysis procumbent and very shallow. convert small species Bothri- 
odon into Elomeryx, but three changes would necessary; (1) moderate shortening 
the rostrum, (2) union the palatines the median line, displace the posterior 
nares far backward, and (3) enlargement the canines. The stratigraphic relations 
the two genera are such favour the derivation from Bothriodon. 

Octacodon very incompletely known, would useless speculate its 
derivation, but more probably American than Old World origin, because the 
immigrant element the upper Brulé fauna small, the False Nimravus, 
being almost the only newly arrived immigrant that fauna. The other families are all 
such may traced through long American ancestry. Latest the other arrivals 
from the Eastern Hemisphere were the bothriodonts, which began their American career 
the 

pointed out another connection (p. 442), the lower Miocene genus, Arretotherium, 
likewise probably arose North America descent from Bothriodon, or, more likely, 
from 

few the White River families has the growth collected material been re- 
markable the bothriodonts. Leidy’s great work 1869 gave but four pages the 
description some scattered teeth referred single species, 
the contrast offered the preceding pages needs comment. 
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Suborder III. SUINA Flower 
Family Palmer 
Suidae Leidy (nec Gray): Journ. Acad. Nat. Sci. Phila., 2nd Ser., Vol. VII, 194. 
Dicotylidae Gray: Proc. Zool. Soc. Lond., 1868, 43. 
Tayassuidae Palmer: Proc. Biolog. Soc. Wash., Vol. XI, 174, 1897. 
Tagassuidae Palmer: Index Gen. Mamm., 930, 1904. 


has been customary assign the Recent peccaries the genus Frisch 
and hence write the family name Tagassuidae, but Thomas and Miller! conclusively 
showed that none Frisch’s generic terms were valid. Consequently, the form, Tayassu 
used Fischer, must employed having priority; the family name must, course, 
changed correspond. 

Perchoerus Leidy 


(Plates LII, LITI) 


Palaeochoerus Leidy (nec Pomel): Acad. Nat. Sci. Phila., Vol. VIII, 
Perchoerus Leidy: Journ. Acad. Nat. Sci. Phila., 2nd Ser., Vol. VII, 194. 1869. 


The genus was founded upon some jaw-fragments, with teeth, and Leidy originally 
identified with the European Palaeochoerus Pomel. years later, proposed 
the name Perchoerus and gave the following description it: the jaw fragments 

contains portion the last temporary molar and the succeeding pair permanent 
true molars, with the crowns fully protruded and almost unworn. From beneath the 
temporary molar the fully developed crown the last permanent premolar was removed. 
These teeth bear general resemblance form, construction and size those 
the recent Dicotyles They also resemble those Palaeochoerus and 
Hyotherium and perhaps the exclusion some the accompanying specimens may 
really belong one those genera. 

first and second permanent true molars viewed from above appear oblong- 
oval, with moderate median constriction. From continuous basis spring four conical 
lobes, forming the triturating surface. The lobes are nearly equal size and have moder- 
ately wrinkled sides. strong basal ridge half the depth the crown situated its 
back part and connects the bases the contiguous lobes. thin ridge exists also the 
fore part the crown and festooned element the same occupies the interval the 
outer lobes externally. short distance below the summits the anterior lobes they are 
associated festooned ridge front and behind. Similar ridges descend from the 
postero-external lobe, which the front one ceases abruptly the transverse valley 
the crown, and the other joins median prominence the posterior basal ridge. 

unworn crown the last permanent premolar bears some resemblance 
the corresponding tooth the Peccary, but rather simpler form and less well 
developed the back part. The crown broader than long and about half the thickness 
the breadth. The principal pair lobes are more confluent than those corresponding 
them the and form together cone, crossed antero-posteriorly shallow 
groove. the base the crown antero-internally there situated comparatively 
large mammary tubercle, which scarcely represented basal ridge the Peccary. 
Posteriorly pair mammillary eminences form the base the crown, which the outer 


Thomas, Oldfield and Miller, Ann. and Mag. Nat. Hist., 7th Ser., Vol. XVI, 461, 1908. 
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almost twice the size the inner one. thin basal ridge descends behind, from just 
below the summit the larger eminence, externally and 

isolated upper molar, apparently thus described: crown more square 
than the Peccary, the transverse and antero-posterior diameters are nearly equal, 
agreeing this respect with that the corresponding teeth the extinct, Palaeochoerus, 
Choeropotamus, Hyotherium and Hyracotherium. The tooth indeed bears considerable 
resemblance upper true molar the latter animal. [In making this comparison 
with Hyracotherium, Leidy was misled Owen’s inaccurate dentated 
crimped basal ridge encloses the crown except the inner side. the lobes the 
crown the outer are the largest and most distinct and they form four-sided pyramids. 
The inner pair lobes are conical and complicated confluence with lobes intervening 
between them and the outer ones. The antero-median lobe large the contiguous 
inner one and almost completely connate with it, appears large subdivision 
the latter and separated from narrow antero-posterior groove. front this 
postero-median lobe joins mammillary eminence the middle the transverse valley 
the crown, and behind continuous with angular median prominence the basal 

Perchoerus is, with much confidence, considered the ancestor the modern 
peccaries and their Pleistocene forerunners, both direct and collateral. Fossils referable 
this genus are rare the White River beds; only few skulls and skeletons have 
far been obtained; several more less fragmentary skulls and jaws are the various 
collections. Much the most complete, present known, are two skulls the museum 
the State School Mines Rapid City, One these (No. 2838, shown Plate 
LI, fig. PL. LII, fig. adult animal badly crushed the left side, but very 
perfect the right. The second skull (No. 1585, Pl. LII, fig. almost free from 
crushing, but has incomplete mandible and has lost some portions bone, especially 
around the nasal opening, much the right premaxillary having been lost. This specimen 
pertained very young animal and has preserved nearly all the upper milk-teeth, though 
already place and process erupting; the sutures are all open, making 
easy determine the limits the various bones. Furthermore, there are the American 
Museum two immature skulls (Nos. 585 and 695), lacking mandibles and otherwise some- 
what damaged LII, fig. 1). these four skulls were found the Protoceras 
channel-sandstones and are thus contemporaneous and, presumably, belong the same 
species, probus Leidy. The rarity fossils referable this genus the White River 
beds difficult understand, for these animals are like modern peccaries, which are 
gregarious, indicate similarity habits and the gregarious ungulates are those 
which are most abundant fossils. The relatively large representation them the 
sandstones the Protoceras channels, suggests that they were forest-dwellers and ranged 
through the upland forests the Black Hills, which were then existence and not very 
different from their present state. 

The only detailed study the Perchoerus skull that has yet been published paper 
Miss Helga Pearson? who examined and described the White River and John Day 
skulls the American Museum. this excellent paper Miss Pearson followed the 


Leidy, J., Journ. Acad. Nat. Sci. Phila., 2nd Ser., Vol. VII, pp. 195, 197. 
Bull. Amer. Mus. Nat. Hist., Vol. XLVIII, pp. 61-96, 1923. 
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example Matthew making the John Day genus Thinohyus Marsh synonym 
Perchoerus. The following description taken chiefly from the beautiful Rapid City 
skulls, adult and young, with constant comparison the skulls the American Museum 


and the less complete ones the collections Princeton University. Miss Pearson’s 
paper has been extensively used, well. 


DENTITION 


The number teeth unreduced, forty four all, and none can called vestigial 


except both jaws. The dental formula is: ms, compared with that 


Tayassu, which is: ms, small reduction view the long time involved. 


Upper Teeth. The incisors are somewhat irregular; much the largest and the 

The first incisor, il, medium size, with compressed-conical 
crown and much the root protruded from the socket, the crown triangular and sharp- 
pointed and has finely serrate cutting edges; the older individual the tooth obliquely 
worn the abrasion il; the lingual face slightly concave and the buccal side more 
strongly convex. The second incisor, i2, much smaller than the first, but similar 
inform. The third, i3, much the largest the three and differs shape from the others, 
being like smaller canine and very different from the lateral incisor Tayassu. The 
canine already has the shape characteristic the Recent peccaries and all the inter- 
mediate stages from the Oligocene the Pleistocene. This type canine one the 
striking and constant differences the American peccaries from the true swine the 
Old World; formidable tusk, great length, but extremely effective weapon. 
straight and directed downward, bayonet-like, compressed and narrow, with the 
principal diameter antero-posterior, and worn needle-like sharpness the lower tusk. 
The canine not out line with the cheek-teeth much Tayassu. 

The premolars are simpler than the Recent genus and, except p4, they retain the 
primitive, compressed-conical and trenchant shape. much reduced and, though 
inserted two fangs, practically vestigial and must have been useless; separated 
from the canine short space and from still shorter one; the loss 
this tooth makes the diastema between canine and premolars more considerable. 
much larger than and simple, without internal cusp, tubercles, but p3, the 
side which resembles that p2, complicated the very prominent cingulum 
the lingual and posterior sides, which encloses large crescentic valley that broadest 
the hinder side. Tayassu and are more less like molars, though much smaller. 
P4, which the modern genus completely molariform, Perchoerus displays early 
stage that transformation; the external cusp, protocone, bifid, with separate apices, 
which are early removed abrasion, but, internally and externally, fine grooves demarcate 
proto- and tritocones. There but one internal main cusp, the deuterocone, which 
relatively large and there are, addition, two small internal tubercles, anterior and 
posterior; front and rear faces the crown prominent cingulum with tuberculated 
edge; the lingual side, the cingulum interrupted the deuterocone and, the 
postero-internal angle, there deep enamel pocket enclosed the cingulum. 

The molars are unequal size; the smallest and slightly the largest the 
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three. The cuspidation has been minutely described Leidy the paragraphs already 
quoted and may briefly summarized here; furthermore there are silght differences 
between the species, account which may postponed. The molar pattern essentially 
the same the modern peccaries; is, that say, quadrituberculate, with four main 
cusps and several accessory tubercles. there are three intermediate conules and the 
postero-internal cusp, hypocone, conical; the hypocone bifid; m3, the 
hinder half contracted, with metacone much smaller than paracone and the hypocone 
replaced ridge connate tubercles. all the molars the cingulum prominent 
and heavy and has coarsely tuberculated edge; surrounds the crown all sides, except 
where interrupted the antero-internal cusp, protocone. 

Lower Teeth. The incisors are small, relatively smaller than Tayassu, but similar 
shape, and are rather less procumbent. The canine, like the upper one, differs but little 
from that the existing peccaries, but straighter and less recurved and lacks the 
vertical ribs the outer side, which are distinct Tayassu. The premolars are some- 
what simpler than the Recent species and, except for which has been lost the latter, 
the cheek-teeth form continuous series, without gaps. very small, single-rooted 
and vestigial and isolated longer space front and shorter space behind. 
Tayassu the disappearance this tooth makes the diastema between canine and pre- 
molars long one. considerably larger than but yet small and double-rooted 
and has high, pointed and compressed-conical crown. still larger, especially 
antero-posterior diameter and has incipient heel, which the Recent species much 
more distinct. the latter, molariform, which not Perchoerus, though the 
transformation had evidently begun; the principal cusp has bifid apex and there 
small anterior basal cusp; the heel small, but distinct and single-cusped. 

The molars are simpler than Tayassu, especially and which have few and small 
tubercles and only the four principal cusps; these teeth increase size from 
m3, the latter having very large and complicated talon, which made several 
small tubercles, much the modern species. 

Milk Dentition. The deciduous incisors and canines are all broken and, for the most 
part lost. one the American Museum specimens (No. 695) the broken stumps the 
upper milk-canines remain and these show that the complete teeth were grooved and 
ribbed, both buccal and lingual faces way that the permanent tusks are not and 
further, that the upper temporary canines are more compressed and sabre-like than their 
like pl, but slightly larger, which would seem indicate that this 
tooth was changed, but suite specimens would needed determine this point; 
dp2 little smaller than p2, but like form. Dp3 different from any other tooth 
either first, second dentition; irregularly triangular shape and the posterior 
half the crown much wider transversely than the anterior half, which due the 
development the large postero-internal cusp, tetartocone, and the minute size the 
antero-internal one, deuterocone. The two external cusps, proto- and tritocones, are 
nearly equal and there line intermediate conules the longitudinal valley; the 
cingulum prominent and had tuberculate edge. molariform, but considerably 
smaller than ml. 

The milk-teeth the lower jaw are almost unknown, but jaw-fragment the 
American Museum (No. 1285) has dp3 and place; dp3 has compressed-conical crown, 
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with enamel pocket the posterior face and very small heel. Dp4 has the three 
pairs cusps, which are common all known Artiodactyla. 


SKULL 


the four more less complete skulls which are available for description, two are 
the museum the State School Mines, Rapid City, and two the American Museum. 
Rapid City one the specimens adult, with mandible complete, the other juvenile, 
while both the New York individuals are immature and retain the milk-teeth. All are 
from the sandstones the Protoceras Channels the upper Brulé and are, therefore, 
stratigraphically contemporaneous. Assuming, there every reason do, that all 
these specimens are referable the same species, one immediately struck the very 
different appearance the skull the young and the adult and, preliminary step, 
necessary evaluate the changes produced growth and maturing, for the differences 
are, means, confined that size. 

the adult LII, Fig. Pl. LIII, Fig. the very high and the upper 
profile the skull descends long, steep and nearly straight slope the ends the 
nasals, interrupted slight convexity over the orbits. The preorbital part the face 
deep dorso-ventrally and the maxillary has swollen appearance, particularly certain 
individuals, which may males. The canines are placed far outside the lines the 
tooth-rows and their alveoli make such prominent projections that the sides the rostrum, 
seen from above, below, are decidedly concave. The postorbital process the jugal 
comparatively long, but does not reach that the frontal, leaving the orbit incompletely 
closed. The zygomatic process the squamosal has concave dorsal border and its 
postero-dorsal angle very high prominence, that the base the zygomatic process 
deeply concave transversely. The postglenoid and posttympanic processes the 
squamosal are ankylosed and the auditory meatus has much elevated position, the 
true swine; the orifice presents backward almost much laterally. The wing-like 
posterior projections the parietals are greatly extended and make the occiput deeply 
concave transversely. These wing-like extensions, which appear many White River 
artiodactyls, are Perchoerus made entirely the parietals, the supraoccipital taking 
part them, made clear the juvenile skull fig. 3), the Rapid City 
Museum; the young specimens the American Museum display less distinctly. 

the following respects the juvenile skull differs conspicuously from the adult. 
Seen from behind, the occiput much lower and different shape, growth and maturity 
affecting chiefly the supraoccipital, the exoccipitals enlarging but moderately; the 
young skull the paroccipital processes are disproportionally smaller and nearer the condyles 
and the dorsal moiety the occiput less deeply concave. The postero-dorsal angle 
the zygomatic process very much lower and the auditory meatus has inferior position. 

side-view, the most striking difference the very much lower back the cranium 
and the correspondingly gentle downward and forward slope the skull’s upper profile, 
the sagittal crest having entirely different shape, gently arching from before backward. 
The wing-like extensions the parietals are much shorter and the zygomatic process 
the squamosal lower and has straight, not concave, dorsal border and the postorbital 
process the jugal much shorter. The pre-orbital part the face far shallower 
dorso-ventrally and the rostrum has straight sides, because the canines are line with the 
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tooth-rows, their alveolar sheaths form hardly any projections the outside the 
jaws and the antrum makes such external inflation; the suborbital portion the maxil- 
lary much lower. 

attempting estimate the phylogenetic significance the evolution 
the modern peccaries, will helpful make comparison the skull the Recent 
Tayassu tajacu with that Perchoerus probus. Most the items this comparison have 
already been enumerated Miss Pearson, though should noted that she did not 
have her disposal any adult skull the White River species. 

(1) Tayassu has such elevation the occiput and hinder part the brain-case 
has the adult probus, these proportions and the upper contour the skull being much 
more nearly like those the immature probus and the adults the John Day species, 
and even more horizontal than them. 

(2) The wing-like posterior extensions the parietals are much shorter 
which respect also the modern species more like the young probus than the adult. 

(3) The brain-case much more rounded and and the sagittal crest much 
shorter, broader and less crest-like and the temporal ridges are greatly reduced, being 
more than lineae asperae. 

(4) The frontals are extended farther back between the diverging parietals. 

(5) The forehead broader and more convex transversely and the face has conspicuous 
vascular grooves running forward from the supraorbital foramina the anterior nares; 
Perchoerus these grooves, when present, are much shorter and less distinct and are not 
continued over the snout. 

(6) The preorbital region the face much lower dorso-ventrally and, top-view, 
the rostrum given different shape the great development the ridge 
and the much greater prominence and angularity the canine alveoli. The grooves 
the sides the premaxillae for the reception the lower tusks are much more conspicuous. 

(7) The suborbital part the maxillary much lower and more the young 
White River skulls, but there depression the side the jaw for the levator labii 
muscle which does not appear Perchoerus. 

(8) The ethmoid project beneath the eye marked swelling filled with 
waferous bony (Pearson). such swelling the floor the orbit visible 
even the adult Perchoerus skull. 

(9) The postorbital process the jugal much longer, but that the frontal little 
changed, leaving the orbit incompletely closed. 

(10) The zygomatic arch, especially the squamosal part it, very different; 
much shorter, broader dorso-ventrally and with far more concave upper margin owing 
the much greater height the postero-dorsal angle the zygomatic process and the root, 
transverse portion that process, much broader antero-posteriorly and more deeply 
concave. 

(11) The glenoid cavity differs having prominent preglenoid ridge and thus 
more concave, and also its oblique situation and being brought down lower level, 
that conceals the auditory bulla side-view. not only lower, much farther 
forward, the preglenoid ridge being vertically beneath the postorbital process the frontal. 
The jugal extends back the glenoid cavity and actually forms most the preglenoid 
ridge. 
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(12) The temporal openings are much shorter antero-posterior diameter. 

(13) The occiput very differently shaped; the portion above the level the zygo- 
matic arch has straight and nearly parallel sides and the summit the inion, seen from 
behind, appears nearly straight and horizontal. Perchoerus, both adult and 
young, the dorsal part the occiput broadens and its summit, rear-view, appears 
describe semicircle. 

(14) The exoccipitals are very much larger, both transversely and dorso-ventrally, 
extending over the whole posterior breadth the zygomatic process the squamosal and 
visible from the side; the paroccipital processes are greatly reduced, almost vestigial. The 
foramen magnum much higher and the condyles smaller than the 
White River genus. 

(15) The tympanic bullae, which Perchoerus are simply ovoid and hollow, are, 
Tayassu, small, irregularly shaped and filled with cancellous bone; the tubular meatus 
opens much higher level; the ankylosis posttympanic and postglenoid processes 
extending farther dorsally and carrying the meatus with it. This one the most 
striking contrasts between the Recent and the Oligocene genera. 

(16) The posterior nares are displaced much farther back the union the 
and open well behind the molar teeth, and the palatal notches, which are very conspicuous 
Perchoerus, are, existing peccaries, reduced almost the vanishing point. The 
opening different shape. 

(17) The posterior palatine foramina are shifted forward closing the vascular 
grooves which Perchoerus, lead forward from the foramina; these are their ordinary 
position, near the palato-maxillary suture. There must much individual variation 
the location these foramina the Recent species of. Tayassu; Miss Pearson speaks 
them being ‘‘in front the while skull before they are the line p2. 

(18) The lower jaw much alike the two genera, modern and Oligocene, and the 
symphysis displays nearly the same degree procumbency; there more difference the 
ascending ramus. the convexity the angle extends much higher up, nearly 
the condyle, and the masseteric fossa much smaller extent. The coronoid process 
decidedly different shape being shorter, broader and less pointed and the sigmoid 
notch shallower. 

Miss Pearson calls attention peculiar feature the history this family, which 
contrasts strongly with most ungulate groups which the history known, and that 
the lack increments size with the passage time. Practically nothing 
has been learned concerning the history the tragulines, the Dik-dik Antelope, 
other tiny artiodactyls and, therefore, one cannot decide whether the small size their 
present representatives due the retention ancestral stature, whether the 
result progressive diminution. the Tayassuidae, however, there evidence 
any marked change size, one way the other, after the Oligocene; Perchoerus nearly, 
quite large the modern peccaries and those the Miocene and Pliocene are much 
the same. The Pleistocene genus, Platygonus, was larger and, especially, longer-legged 
than the Recent species, but the difference not great and really large species the 
family has ever been found. 

The comparisons Perchoerus with Tayassu, listed the preceding pages, render 
superfluous any formal description the skull the former, but there are certain items 
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which are either not mentioned, are insufficiently emphasized those comparisons. 
Thus, the unite point above the foramen magnum and narrowly exclude 
the supraoccipital from that opening, while the union the latter with the squamosal 
excludes the mastoid from the surface the cranium. The glenoid cavity large and 
nearly plane, without preglenoid crest and placed right angles with the cranial axis. 
The orbit high the side the skull, little the frontal appearing above lateral 
view. The whole cranium relatively elongate and the temporal openings have long 
antero-posterior diameters, necessarily the result the long zygomatic arches; the 
occipital condyles are widely removed from the postglenoid processes and are full sight, 
when the skull viewed from the side. The glenoid cavity raised high above the level 
the teeth, giving the zygomatic process downward and forward inclination, which 
continued the same direction the jugal. The ventral side the latter narrow 
and there well-defined masseteric ridge either jugal maxillary. The rather 
large lachrymal seems have spine, or, most, very small one, and the foramen 
which within the orbit, placed much higher than Tayassu. 

The nasals are comparatively short, the frontal suture being advance the orbits; 
for most their length, these bones are uniform width, but broaden posteriorly; the 
immature skull each nasal sends out narrow process articulate with the lachrymal, 
but the Rapid City skull and another adult (in the Princeton Museum No. 11,115) 
both referred probus, this would seem not the case. the former, however, 
the sutures the preorbital region are indistinct. The anterior ends the nasals are 
peculiar that the conjoined median portions form narrow tongue, separated from the 
shorter lateral part shallow emargination each side; the free portion the nasals, 
front the premaxillary sutures, shorter than the Recent genus. 

the character the premaxillary, Perchoerus decidedly different from Tayassu; 
the alveolar portion not horizontal and not distinctly demarcated from the 
ascending ramus; the latter longer and more steeply inclined and forms more extended 
junction with the nasal; the palatine processes are more normal, the narrow incisive foramina 
perforate these processes and the spines are short and relatively heavy while Tayassu 
the palatine processes are solid and imperforate. the White River genus the anterior 
border the ascending ramus straight, not deeply concave, giving the dorso-ventrally 
higher narial opening shape quite different from that the modern peccaries. 

The less modified shape and forward position the posterior nares have already been 
mentioned; the palatine bones and the pterygoids form the sidewalls the canal for 
considerable distance; the latter have broad ventral surfaces, which are nearly flat, not 
Tayassu, which displays pterygoid fossae and hamular processes. These 
processes have not been observed Perchoerus, but none the skulls disposal 
this region free from injury, permit the assertion that these processes were 
lacking entirely, nor does any indication remain the sutures with the pterygoid processes 
the alisphenoids, nor are the orbitosphenoids discernible. 

The mandible very much like that the Recent genus and has similarly procumbent 
symphysis, but the coronoid process, though low, higher and narrower, the sigmoid 
notch more defined and the masseteric fossa larger. 

From these descriptive comparisons, there emerges paradoxical result. Assuming 
that probus actual ancestor Tayassu, then the immature skull much more like 
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that the descendants than the adult, reversal the usual order, according which 
the young animal retains ancestral characters, which are lost with maturity. One would 
naturally infer that probus was not the direct line descent, but specialized side- 
branch which led nothing, for the John Day, from which several finely preserved 
skulls Perchoerus (or Thinohyus) both juvenile and mature, have been obtained, the 
extremely high occiput which characterizes the adult skull, referred probus, the 
Rapid City Museum, does not occur, but the cranium much more like that the American 
Museum juvenile specimens, figured Plate LIII and Miss Pearson’s paper. 

the same time the possibility must not overlooked, that the descendants 
probus rapidly modified the peculiar type cranium and came into the direct line 
descent. The principle that ‘‘a structure once lost not regained,” well established 
and exceptions are known Nature, though artificial exceptions have been produced 
selective breeding. converse principle, that structure once acquired, not 
subsequently may generally true, but there are known exceptions. There 
nothing impossible, therefore, the conclusion that probus and its immediate descend- 
ants, after having acquired the peculiar cranium, subsequently lost it. Though not 
impossible, this not probable and, from present knowledge, seems more likely that 
nanus will prove the sought for ancestor, but until complete skulls that species 
shall have been obtained, will not practicable decide this question. 

There is, course, third alternative, that, White River times, the progenitor 
the John Day and succeeding peccaries, lived some other region North America, 
perhaps the Pacific Coast area, from which could easily have migrated eastern Oregon, 
where the only known deposits the John Day stage occur. Such speculations, however, 
are not very helpful, beyond enabling one state the questions involved clear manner. 

Species. the White River beds there would seem three distinct species 
Perchoerus represented and, that not more have been named, chiefly due rarity 
fossils referable that genus. The three species mentioned are: minor Cook, from the 
Chadron, nanus Marsh, from the lower Brulé, and probus Leidy, type-species the 
genus, which found both lower and upper Brulé. type-specimens were very 
fragmentary and the only definite criterion this species size; this would seem have 
been unusually constant. 


Perchoerus minor Cook 
Perchoerus minor Cook: Pan-Amer. Geol., Vol. 357, 1922. 


have seen individual this species and, therefore, reproduce the author’s original 
description somewhat abbreviated form. 

The lower incisors are extremely crowded. The first and second are about equal 
size, indicated their alveoli, and the third somewhat smaller. The alveoli for the 
first incisors are situated not only forward, but the full width below and outside the 
second incisors, which practically rest against the large canine, situated outside and 
below and the lower front side the canine, that the three incisor roots form 
simple primitive suilline tooth, with single high, thin, sharp crown, and vestigial heel. 
had much the same construction, but widened posteriorly against the first molar. 
considerably worn down, but very simple tooth. slightly larger, the four 
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principal cusps being arranged essentially two low cross ridges, with little complicated 
enamel folding. long and narrow and even more simple than M2, and with low, 
simple heel, third lobe. 

species has very brachyodont teeth and most like Leidy’s probus, but 
smaller and [has] more simple dentition. 


MEASUREMENTS 


Horizon: Chadron. 
Locality: Ab’t miles Crawford, Neb. 


Perchoerus nanus (Marsh) 


Thinohyus nanus Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVIII, 271, 1894. 
Perchoerus nanus Hay: Bull. Geol. Surv., No. 179, 657, 1902. 


Marsh’s description reads: ‘‘The present species the smallest the genus yet 
discovered. The specimen selected the type represented figure above, natural 
size. left lower jaw with the third and fourth premolars and the three molars 
place. The front the jaw not preserved, but the alveole large canine present 
and also those the first and second premolars, which were evidently secant. There was 
apparently diastema behind the canine and the whole jaw was unusually short and 
(Op. cit., 271.) 

the Princeton Museum are two specimens purchased from Stillwell, Dead- 
wood, D., which are even smaller than Marsh’s type, but not sufficiently require 
reference different species. One these (No. 10,510) part skull with the 
molars and last premolars both sides place; the teeth are beautiful preservation 
and only slightly worn. This the specimen which Miss Pearson refers 
smallest species Perchoerus have The other individual part the left ramus 
(No. 10,511) with the last premolar and all the molars place. Though upper 
and lower jaws have received different numbers, they fit perfectly that they may very 
well have been both derived from the same individual. 

addition its smaller size, nanus displays some minor differences the cuspida- 
tion the grinding teeth from probus. the division the external cusp has gone 
farther and the demarcating grooves, external and internal, are more distinct. The 
ridges which extend from the inner cusp are not simple probus, but are tubercu- 
late. the ridge which probus, curves down from the cingulum upon the hypo- 
cone less prominent, but the hinder cingulum more so. the metacone more 
reduced and the accessory tubercles are more irregularly arranged. 
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the table below, the dimensions the type are taken from Marsh’s figure, which 


MEASUREMENTS 
No. 10,510 No. 10,511 Type 

Lower cheek-tooth series, length................ 
Lower premolar-series, length.................. 31.5 
Lower molar-series, length..................... 37.5 mm. 40.5 
11.5 
MI, transverse 7.5 
transverse diameter....................... 8.4 
Upper molar-series, 34.5 mm. 
transverse 
transverse diameter (anterior).............. 
transverse diameter (posterior)............. 


Horizon: the type, Miocene South Dakota, exact horizon not known”’ Professor 
Marsh always referred the White River the Miocene and did not use the term Oligocene. 
Nos. 10,510 and 10,511, judge from the matrix, are from the lower Brulé. 

Localities: Big Bad Lands, So. Dak. 


Perchoerus probus Leidy 


Palaeochoerus probus Leidy: Proc. Acad. Nat. Sci. Phila., Vol. VIII, 165. 1856. 
Perchoerus probus Leidy: Journ. Acad. Nat. Sci. Phila., 2nd Ser., Vol. VII, 194. 1869. 


This the largest the three species far known from the White River and, far 
the individuals the various museums are concerned, the species varies within narrow 
limits and very constant size. There are slight, but apparently constant differences 
the cheek-teeth from those nanus; particular, somewhat simpler pattern 
and the accessory tubercles the upper molars are rather more irregular position; 
the metacone larger and the posterior half the crown less narrowed. 
measurements three individuals, reduced millimetres, are approximately follows. 


* 
7 
ay 


TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 


MEASUREMENTS (Continued) 


Thickness jaw below m2.................... 17.6 mm. 

Thickness jaw below 15.5 14.5 mm. 

MI, ant.-post. 12.5 13.5 

15.5 

Dp4, transverse diameter...................... 8.3 7.8 
12.5 

7.3 


The position the fine adult skull the Rapid City Museum (No. 2838) 
questionable, because the only well-preserved, adult skull from the White River beds 
any the collections. From the John Day, the contrary, finely preserved and com- 
pletely mature skulls are not uncommon and several species have been described, but 
none these specimens does the extraordinarily high occiput and hinder part the cranium 
occur. Judged from the size, the teeth and the stratigraphic position No. 2838, 


MEASUREMENTS 
A.M. A.M. 
No. 1283 No. 695 No. 10,115 No. 2838 

mm. 
Skull, length fr: cond. prmx. 191 205 
Skull, length wing prmx.”........ 211 217 
Skull, length cranium fr. cond. 110 
Skull length face, orb. prmx............ 108 107 
Skull, width occiput base.............. 
Skull, width post. orb. constr............. 
Skull, width over post. orb. proc............. 
Skull, width face over can. alvo........... 
Skull, width face p2................... 
Mandible, length fr. angle.................. 166 
Mandible, height coronoid ............... 
Mandible, height condyle................ 
Mandible, depth p3..................... 32.5 
Upper dentition, length il—m3, 139 
Lower dentition, length 133 
ant.-post. 
Upper canine, ant.-post. diameter........... 
Upper cheek-tooth series, length............ 
Upper premolar series, length............... 
Upper molar series, length.................. 
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MEASUREMENTS (Continued) 


A.M. 
No. 1283 No. 695 No. No. 2838 
P3, transverse diameter.................... 9.5 
P4, transverse diameter.................... 
M1, ant.-post. diameter.................... 12.5 
transverse diameter................... 
M2, transverse diameter................... 
M3, ant.-post. diameter.................... 
transverse diameter................... 
Lower cheek-tooth series, length............ 
Lower premolar series length............... 
Lower molar series, length.................. 
ant.-post. diameter..................... 
ant.-post. 
transverse diameter................... 
M2, ant.-post. diameter.................... 13.5 
transverse diameter................... 9.5 
transverse diameter................... 8.5 


one would hesitate assign probus, but the lack other adult skulls from the 
White River, not possible decide between several alternatives. 

(1) The.skull question may belong undescribed and unnamed species, char- 
acterized the form the occiput. 

(2) All the White River species may have had skulls the same type. 

(3) The skull may belong probus. 

these alternatives, the third the most probable; the peculiar cranium No. 2838, 
shown Plate LII, fig. and Plate fig. may perfectly well have developed from 
such immature skulls probus those the American Museum (PI. LIII, 
and the Rapid City Museum (No. 2719, Pl. LIII, fig. seems unlikely 
that two different species should closely similar size and dental characters and 
yet differ the form the cranium. Though improbable, not impossible and 
determine its truth much larger suite White River skulls will required than now 
available. 

the foregoing table the dimensions specimen No. 1283, American Museum, are 
taken from Miss Pearson’s paper. No. 2838, the molars are slightly spaced, 
while P.U. No. 10,115, they are contact with one another. 
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Horizon: Brulé, upper and lower. 
Locality: Big Bad Lands, So. Dak. 


Section RUMINANTIA Frechkop. 


Suborder IV. Flower 


difficult frame definition for the camels and their much-diversified allies, 
partly because the great changes which the group underwent the course their long 
recorded history, beginning the upper Eocene, and partly because our ignorance 
concerning the soft anatomy the fossil forms. Since first comprehensive study 
the Uinta selenodonts,! have been inclined make the Tylopoda much more extensive 
group than has usually been done, believing that they largely took the place North 
America which the Pecora, true ruminants, held the Old World. principal 
reason for that belief has been the nature the Uinta fauna itself, which camelids, 
hypertragulids, agriochoerids and merycoidodonts are all very much closer together than 
they were subsequently, indicating common ancestry the middle, lower Eocene. 
This whole group presumably migrated from Asia, reaching the Plateau Region North 
America the later Eocene. 

Another ground for making this classification that post-Eocene time all four 
families were exclusively North American distribution, until, the Pliocene, the ancestors 
the true camels spread Asia and those the Recent llamas South America and, 
throughout nearly the whole Tertiary period, two the families, together with the horses, 
were far the most abundant, diversified and characteristic element the North American 
mammalian fauna. Pecora did not reach this continent until the late Miocene early 
Pliocene, when the earliest ancestral deer (Blastomeryx) appeared. This distribution was 
the strongest possible contrast the faunas the Old World, which the Pecora were 
the dominant group, they still are. 

The classification here adopted may succinctly expressed the table below. 
has not found general favour among palaeontologists, but the objectors have made little 
study the Uinta fauna, which first suggested the scheme. Hay adopted the 
classification the first edition his great Bibliography, but the second edition 
far modified remove the oreodonts and agriochoerids from the Tylopoda term 
which did not use) and suborder Artiodactyla, for which proposed the name 
thereby accepted, all but form, the scheme suggested 
who did not use the grade ‘‘suborder”’ his classification the Artiodactyla, 
but employed the term equivalent manner. Osborn’s ‘‘Section 
Hay’s 


Suborder 
Superfamily Hypertraguloidea 
Family Hypertragulidae 
Subfamily (a). Hypertragulinae 
Subfamily 
Subfamily 


B., Trans. Wagner Free Inst. Sci. Phila., Vol. VI, pp. 1-121, 1899. 
Osborn, F., The Age Mammals, 549. N.Y. 1910. 
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Family 
Superfamily II. Cameloidea 
Family Camelidae 
Superfamily III. Oreodontoidea 
Family 
Family 


The discovery practically complete skeletons the three most important White 
River genera the Hypertragulidae has shown that they are all unexpectedly 
from one another that seems advisable revive Osborn’s scheme making separate 
subfamily for each them. That course makes advisable follow Marsh’s suggestion 
forming family, the Protoceratidae, for Protoceras and its allies and descendants. 
That the two families are very closely related questioned none and this close relation- 
ship expressed forming new superfamily, the Hypertraguloidea. 


Superfamily HYPERTRAGULOIDEA, Superfam. nov. 


Family Cope 
Moschidae Leidy (nec Gray): Journ. Acad. Nat. Sci. Phila., 2nd Ser., Vol. VII, 165, 
1869. 


Hypertragulidae Cope: Bull. Geol. Geogr. Surv. Terrs., Vol. 66, 1879. 
Leptomerycidae Scott: Trans. Wagner Free Inst. Sci., Vol. VI, 15, 1897. 


Though the International Rules Nomenclature are not consistent respect the 
priority family names, think best follow the usual practice and employ Cope’s 
term for this family, notwithstanding the fact that Leidy’s genus Leptomeryx was much 


earlier date and far better known. happened however, that Cope’s selection was 


fortunate one, for, the White River genera, Hypertragulus the least specialized and 
most nearly central. the time the family was distinguished and named and for many 
years thereafter, nothing was known the grotesque ‘‘horned”’ genera typified Proto- 
ceras, which are obviously related the Hypertragulidae and which form very distinct 
family. 

Except for one genus from the Eocene Mongolia, the family exclusively North 
American distribution and extended time from the upper Eocene the lower Miocene, 
but the period its greatest abundance and diversification was the White River Oligocene 
and remains are rare the Miocene. 

The family diversified that difficult frame definition which embraces all 
the genera. The difficulty increased the evolutionary changes which the family 
underwent the course its long history. Nevertheless, unmistakable fundamental 
likeness maintained throughout. 

the Hypertragulidae Oligocene and later epochs, the upper incisors are vestigial, 
absent. The upper canine functional tusk, except the females and few 
genera which greatly reduced absent. The lower incisors are always present and 
functional and, the Pecora, the lower canine has become incisiform and its place 
taken pI, which has assumed its form and function and bites behind the upper canine. 
This peculiar specialization found also the Merycoidodontidae (oreodonts) and 
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Agriochoeridae and other known artiodactyls; the European Cebochoerus not 
real exception. The premolars are trenchant and extended; with few 
exceptions, the molars are brachyodont. 

The skull elongate, the orbits large and prominent; appearance, the skull very 
different the two families, for the horn-like, antler-like bony out-growths which 
give grotesque aspect the Protoceratidae are entirely lacking the Hypertragulidae. 
The feet are relatively short, the manus, except Hypisodus, with four, even five, 
separate digits, the pes with two functional ones; the lateral digits the pes differ 
degree reduction, but they are always extremely slender and vestigial, else absent. 
none the genera there cannon-bone the manus, but, exceptionally, one present 
the pes. Cuboid and navicular are fused together. all, the ungual phalanges are 
pointed and deer-like, structurally, thus, the family very homogeneous. 


Subfamily Osborn 


Hypertragulinae Osborn: Age Mammals, pp. Y., 1910. 
Leptomerycinae Scott: History Land Mamm. the West. Hemis., 2nd Ed., 352, 
Y., 1937. 


time, the known history this group extended from the upper Eocene (Uinta) 
the lower Miocene (Gering) inclusive, but was much more abundant and varied the 
White River than before, after. All the members the subfamily are very small, 
some them tiny, and very much smaller than the Protoceratidae. Within the group are 
three tribes, phyla, which noted above, Osborn treated subfamilies; these are the 
Hypertragulus, Leptomeryx and Hypisodus series, all which are represented the White 
River and the last named confined it. this formation much the 
commonest the genera, while the Hypertragulus line especially characteristic the 
John Day, and, modified form (Nanotragulus), continued into the Gering, which also 
contains though this genus has not been found the John Day. The family 
natural group genera that are manifestly related, but each subfamily, except the 
Leptomerycinae, contains but single genus the White River. 

The traguline resemblance, which has often been remarked, largely matter 
the very small size and the relatively great elongation the hind legs and feet, compared 
with the anterior extremities, Leptomeryx, causing the back slope forward from rump 
withers; the other two genera, the extremities are more nearly equal length. The 
disproportion the length the legs least Hypisodus, which impressed Matthew 
its likeness the little Dik-dik Antelope (Madoqua). All the genera except Hypisodus 
have least four usable and separate digits the manus (Hypertragulus has five) two 
the pes, though has hind cannon-bone; the completeness reduction the 
lateral digits the pes differs the separate genera. Navicular and cuboid are always 
co-ossified. all, the skull has long, slender rostrum, large orbits completely encircled 
bone, capacious brain-case and short, low sagittal crest. Skeletal resemblances are, 
thus, more significant than the differences. 
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Hypertragulus Cope 
(Plates LIV, LV) 


Hypertragulus Cope: Bull. Geolog. and Geogr. Surv. Terrs., No. pp. 26-7, 1874. 
Leptauchenia Cope (nec Leidy) part: Palaeont. Bull. No. 16, 


This genus very small animals has left but rare and scanty remains the White 
River beds; the succeeding John Day formation was much more abundant and the 
species are larger. 

DENTITION 


The dental formula Matthew’s figure appears show the lower 
incisors intact, but this does not agree with his version the formula. The upper and 
lower rows cheek-teeth are nearly horizontal side-view, but the upper series slightly 
convex and the lower concave. 

Upper Teeth. Nothing remains the incisors except minute alveoli. The canine 
relatively large and was, functionally, defensive fang, very marked contrast the 
vestigial canine Leptomeryx. great individual difference, obviously sexual, 
the size the tiny fangs, which are much more slender the supposed females. The 
first premolar, very characteristic; small, compressed-conical and sharp-pointed 
tooth, with perfectly simple crown and two widely divergent roots, and isolated 
diastemata, short space front and somewhat longer one behind. The second premolar 
similar, simple, acute and compressed cone, but with roots diverging slightly; 
closely approximated p3. The two premolars, and are small that they must 
have been almost useless plant-feeder. The third premolar, p3, much larger, 
especially the antero-posterior diameter; has posterior cutting ridge, with the 
suggestion external pillar; there minute deuterocone and internal cingulum, which 
encloses very small enamel pockets. resembles p3, but much broader 
transversely, made the enlarged deuterocone, which very imperfectly crescentic, 
more conical, fact. 

The premolars Hypertragulus are thus remarkably simple, one the characters 
which distinguish this genus from most clearly. 

The molars, ruminants generally, are made four crescents and have somewhat 
higher crowns than those though they cannot called hypsodont, even 
mesodont. characteristic Hypertragulus the great prominence the 
median vertical ribs the buccal side the external crescents and the absence 
mesostyle; proto- and metastyles are well developed, especially m3. 

Lower Teeth. The incisors are styliform and the crowns are spatulate and slightly 
outcurved, the canine has become incisiform, the first premolar taking its place both 
functionally and shape, and biting behind the upper canine. The second premolar, 
p2, very small, and has simply conical crown, but two-rooted; isolated 
short space from and longer one from pl. This tooth has opponent the upper 
jaw and shows wear even old animals. The third premolar, p3, close juxta- 
position and larger than p2, especially antero-posterior diameter; the crown 
asymmetrical, with pointed apex front the middle vertical line and has small posterior 
basal cusp, Matthew calls it. The fourth premolar, p4, the largest the 
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series and has the greatest antero-posterior extension; the crown secant and triconodont, 
with anterior and posterior basal cusps. 
The lower premolars this genus, like the upper ones, differ decidedly from those 
Leptomeryx both shape and mode implantation. 
The molars closely resemble those but have slightly narrower and higher 
crowns. 
SKULL 


beautifully preserved skull associated with the skeleton lately sent Professor 
John Clark, the University Colorado. addition, there are two partial skulls 
the American Museum, which have proved very useful for the details structure. 
appearance, this skull very much like that Leptomeryx but smaller, shorter and 
broader proportion, and has relatively shorter and narrower rostrum, which contracts 
more abruptly front the grinding teeth. 

Side View, this skull has fox-like aspect, which course, altogether 
superficial, and differs markedly from that Leptomeryx many details, though with 
fundamentally essential likeness. Conspicuously different from the latter the upper 
profile, which descends more steeply from the vertex the end the muzzle, making the 
rostrum very shallow dorso-ventrally; the rostrum, rather than any other feature 
the skull which produces the fox-like appearance. The orbit rather small, very prominent 
and not entirely closed behind. The cranium relatively little shorter and the face 
longer than and the zygomatic arch distinctly shorter. The space between 
the postglenoid and paroccipital processes notably short. The mandible, which 
important element the picture the skull lateral view, has very slender and shallow 
horizontal ramus, the ventral border which differs from that having 
more sinuous course and, particular, being concave behind the teeth, where 
the border convex. The ascending ramus broad, but the angle not produced far 
posteriorly and the coronoid process very much smaller than either Leptomeryx 
Hypisodus. 

Superior View. The differences from the skull are more striking when 
this skull seen from above, than the side view. The proportions are entirely different 
the great width the skull Hypertragulus, compared with its length, the more slender 
rostrum, its more abrupt constriction front the teeth and its expansion the 
line the canines, are all notable characteristics, are also the smaller temporal openings 
and the narrower roots the zygomatic processes. The sagittal crest continued farther 
forward and the temporal ridges diverge much more abruptly, almost right angles 
each other. Consequently, the forehead has very different shape, being much wider and 
shorter and not extending narrow projection over the brain-case. The presence 
the little canine fangs helps give the top-view quite different appearance the two 
genera. 

Inferior View. The outline the skull seen from below is, course, the same 
that seen from above, but, equally course, the details are altogether different. The 
comparative shortness and breadth the skull are strong contrast the proportions 
seen Leptomeryx and the brachycephalic cranium intermediate between the latter and 
Hypisodus, which has the most abbreviated brain-case any White River mammal. 
Differing from Hypisodus, the cranio-facial axis Hypertragulus and Leptomeryz straight. 
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The auditory bullae are somewhat smaller than the genus last-named and the spaces 
between the bullae and the basioccipital, which are open Leptomeryz, are filled bony 
slips, presumably processes the periotics. The posterior nares are much narrower and 
the palatal incisions deeper and broader. The hard palate narrows more forward, because 
the anterior convergence the two tooth-rows, but the part the palate front 
not contracted ridges which mark the limits the soft tissue, Leptomeryz, 
which the long edentulous space between the canine and lends very characteristic 
expression both side and base-views. 

Rear View. The occiput calcaratus decidedly different from that Lepto- 
meryx; high and narrow, comparatively broad the base, narrowing dorsally and 
ending above lanceolate arch, which much more distinct some skulls than others. 
The crest the inion very low and inconspicuous and hardly more than rugose 
angulation; its course somewhat sinuous, convex dorsally and ventrally and concave 
the middle. The occipital surface has slight backward inclination and nearly flat; 
above the foramen magnum, there gentle, vertical convexity and, dorsal this, low 
and thin vertical keel, each side which very shallow concavity. The foramen 
magnum large and subquadrate shape, with nearly straight dorsal border. The 
condyles are large and their principal diameter dorso-ventral; they extend less above 
the foramen magnum than Leptomeryx. shape and relative length, the paroccipital 
processes are like those the latter, but are much nearer the condyles, correspondence 
with the narrower occiput. 

The forms and relations the various skull-bones may fairly well described, for 
most the sutures are still visible, but some are closed and others obscured cracks. 
The resemblance the traguline skull, which marked this subfamily, especially 
entirely superficial and more indicative relationship than the 
likeness the European Caenotherium; both instances the small size the animals 
chief factor the resemblance. 

The basioccipital narrow and flanged the bony slips that intervene between these 
bones and the tympanic bullae, and that seem processes the periotics. The basi- 
sphenoid also narrow and extensively concealed the posterior nares. The exoccipitals 
are broad, low and simply convex transversely; the condyles, which are widely separated, 
have their principal diameter dorso-ventrally directed, but they not extend far above 
the foramen magnum they Leptomeryx; the paroccipital processes are much 
the latter, but placed nearer the condyles. Both genera differ from Hypisodus having 
these processes free from the tympanic bullae. The supraoccipital narrow and has most 


the occipital crest, well small part the sagittal crest, for the bone takes 


appreciable share the formation the cranial roof and sides. 

The mastoid portion the periotic has unusual development; long, narrow strip 
this element exposed the side the cranium between the exoccipital and squamosal 
and extends dorsally suture with the supraoccipital; near the ventral end bears 
short, spine-like mastoid process. 

The parietals are rather narrow, though the brain-case well-rounded and exceptionally 
capacious for White River mammal. The sagittal crest low, short and weak and divides 
anteriorly into the inconspicuous temporal ridges, which diverge much more abruptly 
than Leptomeryx and end the postorbital processes the frontals. front the 
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squamosal, each parietal curves downward suture with the alisphenoid. The frontals 
are short and broad and the somewhat convex lozenge-shaped forehead enclosed between 
the diverging temporal ridges; the frontals roof considerably more the cerebral fossa 
than they The postorbital constriction not deep, but made 
seem the prominence the orbits, which are large and rise somewhat above the 
level the forehead. The supraorbital foramina are smaller and placed farther back and 
nearer the margins the orbits than The postorbital processes are 
long, but not extend the jugal, leaving the hinder boundary the orbit incomplete. 
the other two White River genera this subfamily, the orbits are very deep 
and are separated from each other only thin septum and the two optic foramina are 
confluent. 

Unless there were more than one species Hypertragulus the White River beds, 
which evidence has been obtained, there was much individual variation the shape 
the anterior end the frontals and the fronto-nasal suture. one the American 
Museum skulls (No. 1341), the frontals have very short median projection, with shallow 
emargination each side and these concavities lodge the broadening and divergent, 
hinder ends the nasals. Seemingly, least, the frontals have nasal processes, the 
antorbital vacuities between frontals and maxillaries having cut them off. the Princeton 
skull the fronto-nasal suture has nearly the same shape the John Day species, 
hesperius; the frontals have deep median emargination, which nearly rectangular and 
has straight hinder border and sides which diverge slightly forward, for the nasals contract 
posteriorly, instead broadening, with outward curvature, they the American 
Museum specimen. Consequently, the frontals have long nasal processes, which bound 
the antorbital vacuities dorsally. This remarkable difference, merely individual, 
but other respects, this skull agrees with the White River rather than with the John 
Day fossils. The preorbital vacuities are longer and narrower proportionally than 
Leptomeryx and open between frontals, lachrymals and maxillaries. 

The squamosal relatively very large and forms most the cranial side-wall; the 
zygomatic process arches upward and extends farther than forming small 
part the ventral orbital boundary, which the latter entirely made the jugal, 
which also gives rise the postorbital process. Hypertragulus the short postorbital 
process, which does not meet that the frontal and sometimes more than angu- 
lation, arises from the zygomatic process the squamosal. The glenoid surface concave 
and the postglenoid process close contact with the tympanic bulla and its tubular 
meatus. 

The jugal broad, especially the suborbital portion; except the small part taken 
the zygomatic process the squamosal, the ventral border the orbit formed the 
masseteric ridge, beneath which the surface for attachment this muscle narrower, 
more horizontal and less oblique than Leptomeryx. The jugal has postorbital process 
other than angulation minute tubercle. The posterior border the jugal, which 
continuous with that the maxillary, rises more steeply into the zygomatic arch than 
Leptomeryx and extends farther back than that genus, reaching almost the glenoid 
cavity. The arch, whole, shorter proportionally than correspond- 
ence with the more brachycephalic skull. 

The lachrymal relatively large and extended the face, forming the whole anterior 
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border the orbit and part the dorsal and ventral borders, well; dorsally, notches 
the frontal and ventrally, where broadest, extends over upon the jugal; emargi- 
nated the antorbital vacuity, which makes most the ventral border; the spine 
low and rounded and the foramen concealed within the orbit. 

The nasals are peculiarly shaped and though they are essentially like those Lepto- 
meryx, there are many minor differences. Posteriorly, the nasals are received into the 
deep notch which invades the frontals; the fronto-nasal suture more nearly straight 
line than but very small, wedge-shaped processes the frontals extend 
between the divergent hinder ends the nasals. The latter widen forward maximum 
breadth the pre-orbital vacuities, from which point they contract gradually forward 
the line which marks about half the length the bones and for the remainder their 
course, along the maxillary and premaxillary sutures, they are very narrow and transversely 
convex and nearly uniform width. The anterior ends the nasals have unusual 
shape, different from that seen any other member the family; each bone has shallow 
notch, with short median and very long lateral processes; the latter extend along the pre- 
maxillary sutures and project front them very delicate points. 

The are very small, correspondence with the suppression the upper 
incisors and the slenderness the rostrum; the alveolar portion thin and frail and has 
some vestigial sockets that could not have contained functional teeth; the ascending ramus 
narrow and thin, expanding little the dorsal border, which articulates with the nasal. 
The anterior nares are small, especially height, conditioned the slenderness 
the rostrum; the nasal bones are relatively longer than and roof the narial 
opening more completely. 

The very long, low beneath the orbit and high front it. Along the 
sutures with the nasal, the maxillae are, were, pinched and this gives very llama- 
like appearance the skull top-view, likeness which more pronounced 
Day species, hesperius. The rostrum made nasals and maxillaries and narrows 
forward from the line becoming very slender front p2. The antorbital vacuity, 
which bounded the frontal, nasal, lachrymal and maxillary, small, much smaller 
calcaratus than hesperius. The infraorbital foramen very far forward, above 
p2, and low position. The posterior portion the maxillary forms broad floor for 
the orbit, but part the orbital boundary made that bone, which excluded 
the jugal and lachrymal. The dorsal border irregular and, front the antorbital 
vacuity, broadly emarginated the expansion the nasals. The alveolar border 
slightly convex downward, much less than Leptomeryx, and becomes concave 
front p2, where curves down the canine-sheath, projecting below the level the 
palate. 

The palatine processes the maxillaries narrow back p2, where they broaden 
rapidly the molars, but between the two rows molars the palatine bones take 
nearly the whole breadth the hard palate, deeply emarginating the and 
restricting them the alveolar processes. The palatines extend forward far 
posteriorly, they are deeply notched, much more than Leptomeryx. The posterior 
nares are remarkably narrow and elongate; their front margin line with the middle 
ml. The pterygoids are not plainly distinguishable. 

The basisphenoid narrow and the basioccipital broad posteriorly, narrowing forward 
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the sphenoid suture. The tympanic bullae are flask-shaped and rather small; between 
them and the basioccipital there is, each side, narrow strip bone, which seems 
part the petrosal. The auditory meatus long slender tube. 

The mandible, was pointed out description the side-view, one the 
most characteristic parts the skull, differing conspicuously from that both Leptomeryx 
and Hypisodus; the horizontal ramus long and compressed, but comparatively stout, 
with sinuous ventral border, concave beneath the ascending ramus, becoming convex 
below and forming continuous gentle curve far forward the line p2; there, 
almost imperceptibly, passes into the long, sloping symphysis. The angle produced 
downward much more than Leptomeryx but not far backward; the coronoid process 
strikingly smaller, hardly half large, fact. The symphysis less procumbent, 
sloping upward more steeply. 


VERTEBRAE, AND STERNUM 


The backbone still largely concealed the matrix and little can, yet, said 
the vertebrae; obvious, however, that the thorax relatively short and the lumbar 
region long, though the vertebral formula uncertain. The dorsal vertebrae have slender 
and rather short neural spines, all which are inclined backward; the anticlinal must 
lumbar, or, possibly, the last dorsal; some, least, the lumbars have short and weak 
spines, with forward inclination. The sacrum short and but one its vertebrae 
contact with the ilia, which supports relatively long and heavy pleurapophyses. 

Several very small caudal vertebrae are place; they indicate very short and slender 
tail. 

the Ribs eight are preserved position the right side and one more additional 
ones are exposed the left. Apparently, there were thirteen pairs ribs, the number 
found the articulated skeletons the Field Museum. 

Assuming that number, those position would from the 5th the 13th inclusive; 
the 5th, 6th and 7th are relatively broad, especially the distal third each, which thin 
and flat; the 8th and 9th appear the longest the series and, behind the 9th, the 
ribs become more slender and the last one very frail, but none them has the rounded, 
rod-like shape which characterizes the ribs unguiculates and many primitive ungulates 
well. 

the Sternum, there remain the manubrium, the xiphisternum and three and one-half 
segments the mesosternum; apparently, two segments are missing, which would make 
seven segments all, modern selenodonts; the manubrium different from that 
either Suina Pecora; more the latter, though much larger proportionally and 
more uniform breadth, narrowing slightly the posterior end; the rib-facets are near the 
front extremity. Assuming that the number mesosternal segments was originally five, 
then segments one and two and the anterior end three have been lost, while four and 
five are complete. Comparing the uninjured segments with those deer, one observes 
that they are similar type, but much longer and narrower and but little constricted 
emarginated the middle, though the ends are wider than the middle, making the lateral 
borders concave. The last mesosternal segment differs from the others, broadening 
posteriorly, but with sides curving, without angulation, into the hinder face. The xiphi- 
sternum elongate and broadest the anterior end, narrowing point past the 
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middle, then broadening slightly and, finally, contracting the end. This segment 
the sternum appears much the same Leptomeryz. 


For convenience, the limb-girdles will included the descriptions the limbs. 

Scapula. The shoulder-blade ruminant-like appearance, but proportionally 
broader and might belong oreodont; the neck narrow, widening upward very 
gradually, and the coracoid border nearly straight, without any distinct coraco-scapular 
notch. The glenoid border also straight for most its length, becoming slightly concave, 
defines the neck; the suprascapular border arched and moderately convex. The 
glenoid cavity shallow and nearly circular outline and the prominent coracoid projects 
forward without incurvature; the tip slightly rugose. The spine, which very prominent, 
placed near the coracoid border, make the prespinous fossa much narrower than 
the postspinous, but the neck the spine nearly midway between the two borders. 

The spine pursues slightly curved course downward from the suprascapular border, 
with concavity forward, and ends high overhanging acromion, the distal end which 
somewhat thickened and rugose. The acromion has such distal broadening occurs 
Poébrotherium, and the whole shoulder-blade relatively much wider than Protoceras; 
from that Leptomeryx differs being shorter and broader and having wider 
prespinous fossa, especially the neck. 

Humerus. Hypertragulus there such disparity length between the fore and 
hind limbs there Leptomeryz and all the elements the fore leg are relatively longer 
than the latter; there is, however, difference, especially between manus and pes. 

The humerus laterally compressed, slender and comparatively straight; the head 
hemispherical and prominent, projecting well behind the plane the shaft; the external 
tuberosity largely developed, rising high above the head and extending across nearly 
the whole proximal end, reducing the inner tuberosity small size, narrowing the bicipital 
groove and bringing the internal angle. The area for the insertion the infraspinatus 
tendon unusually large and conspicuous. The shaft the humerus, when viewed from 
the front, nearly uniform breadth, widening somewhat the proximal and distal ends. 
side-view, the proximal portion moderately thick and tapers distally very gradually; 
the sigmoid curvature slight and there deltoid crest other than linea aspera, which 
marks the line muscular attachment. The distal end comparatively narrow and the 
epicondyles and supinator ridge are very inconspicuous; the anconeal fossa narrow, but 
deep, and perforates the shaft supratrochlear foramen. The trochlea, which the 
whole breadth covered the radius, rather specialized and divided into broad 
internal and very narrow external facets for the head the radius, separated distinct 
intercondylar ridge, which grooves the radial head. 

Radius and Ulna. One the few respects which Hypertragulus more modernized 
than Leptomeryz the co-ossification the lower limb-bones, radius with ulna, and tibia 
with fibula. Inclusive the olecranon, the compound fore-arm bone nearly the 
same length the humerus and though the two bones are completely ankylosed throughout, 
their limits are very distinct, especially the ulnar side, where there deep groove 
along the line union. 
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The radius short and slender bone; the proximal end expanded, that covers 
the whole breadth the humeral trochlea and excludes the ulna from contact with it. 
The articular surface, though continuous, two parts, larger internal facet, which 
concave, and smaller, external, nearly plane surface, and between them the groove 
for the intercondylar ridge, which notches the dorsal border. The shaft narrow and 
antero-posteriorly compressed, expanding little both ends, and slightly bowed 
forward. The skeleton here described pertained young animal and the distal epiphysis 
the compound bone separate from the shaft, though most the other long bones 
and all the vertebrae, the epiphysial sutures are closed. This distal end slightly 
broader and thicker than the shaft and carries three carpal facets, for the radius extends 
over upon the pyramidal, articulation which exceptional this family, which the 
manus more less primitive. 

The ulna considerably reduced and much more slender than the radius; the olecranon 
relatively short and narrow, but considerable dorso-palmar thickness and rugose 
the free end, which has sulcus for the triceps tendon. The proximal articular surface 
C-shaped and confined the postero-proximal aspect the humeral trochlea, the 
prominent beak fitting into the anconeal fossa. the outer side the proximal end 
the ulna triangular projection, which supports the external extension the radial head 
both posteriorly and distally, but has contact with the humerus. The ulnar shaft 
very slender, though far from being vestigial, and trihedral shape, one side applied 
the radius and the other two, external and internal, meeting the sharp posterior edge. 
The shaft tapers downward the distal expansion, which but slight, and the actual 
distal end very narrow convexity, which bears convex facet for the pyramidal and, 
continuous with that, very small surface for the pisiform. The extension the radius 
over the pyramidal reduces the ulnar contact with the latter. 


very surprising find that Hypertragulus had forefoot, the pollex 
being more less vestigial, but complete with phalanges. The specimen figured Plate 
LV, figs. has had digits and pushed around the palmar side, that only 
are visible from the front. Mr. Horsfall has corrected this dislocation his drawing. 

The carpus very narrow, though all the elements are present, without reduction, 
co-ossification, but rather elongate proximo-distally. The scaphoid has narrow anterior 
face, but relatively thick palmo-dorsally; the proximal end bears convex surface for 
the radius and the distal side are two small facets for the trapezoid and magnum re- 
spectively. The scaphoid has contact with the trapezium, which very unusual 
feature five-toed manus. The lunar narrow and high and, distally, rests almost 
equal measure upon the magnum and unciform. The pyramidal has peculiar shape, 
owing its articulation with both radius and ulna; dorsal and ulnar faces are con- 
tinuous curve, but, when the manus viewed directly from the front, the dorsal aspect 
narrow. The proximal end has very small convex facet for the radius and thence slopes 
steeply the palmar side into concave surface for the ulna and, behind this, very 
small plane surface for the pisiform. Distally, the pyramidal has concave facet for the 
unciform. 

The pisiform very short, though, otherwise, not small proportion the adjoining 
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carpals, and thin and laterally compressed; the proximal end slightly expanded, carry 
the facets for pyramidal and ulna; the neck more than constriction and the distal 
expansion, which has regularly curved free border, much the larger portion the bone. 

The trapezium very exceptional, especially five-toed foot; extremely small, 
oval and scale-like and does not touch the scaphoid, but depends from the distal end 
the trapezoid. There can doubt this arrangement, for, except the palmar 
displacement digits and II, all the carpals and metacarpals retain their natural con- 
nections. the ulnar side, the trapezium articulates with the radial side the second 
metacarpal and, distally, carries the extremely slender pollex. 

The trapezoid much larger than the trapezium, though this tiny manus, 
actually very small; the dorso-lateral face narrow, yet the bone has four articular surfaces; 
proximally, for the scaphoid, for the magnum the ulnar side, for the trapezium the 
radial side and, distally, for the second metacarpal. 

The magnum very short proximo-distally the dorsal side, hardly half the corre- 
sponding diameter the unciform, but has prominent palmar hook; the distal end 


occupied the surface for the third metacarpal, that for the second minute and 


lateral position. 

The unciform, commonly the case, the largest the carpal bones and narrow 
proportion its proximo-distal length, indeed surprising find carpus and its 
separate elements narrow pentadactyl manus. view the extremely small 
size the manus, general, and the unciform, particular, the long and conspicuous 
palmar hook seems disproportionate; this hook situated far over the ulnar side 
the unciform and curves down over the head the fifth metacarpal. The proximal end 
the unciform taken the broader surface for the pyramidal and the narrower one 

for the lunar. Distally, the facet for the fourth metacarpal covers nearly the whole end, 
those for the third and fifth metacarpals being extremely small. 

The Metacarpus altogether surprising, not only because the presence complete 
pollex, but also because the artiodactyl symmetry imperfect, that the manus might 
almost well called mesaxonic paraxonic. Mc. III and not form pair and, 
though me. and are more nearly paired, they are unequal lengths. 

The first metacarpal cannot have had any functional use, for extremely slender 
and, though vestigial from the point view function, yet complete. account 
the arrangement the trapezium and trapezoid, above described, the proximal end 
me. is, were, dropped below the level that me. and articulates only with 
the trapezium; the shaft excessively fragile and hardly more than thread bone, 
yet the distal trochlea well formed and has convex surface for the minute phalanx. 

The lateral metacarpals, and are much more slender than me. III and 
and more nearly equal length; me. much shorter than me. well more slender 
the proximal end not expanded, though articulates with three carpals, the radial 
side facet for the trapezium, the proximal end one for the trapezoid, while the 
contact with the magnum minute. The shaft trihedral and slightly curved, making 
the radial border concave; the distal end little enlarged and the trochlea nearly 
hemispherical. 

The third distinctly the longest the metacarpals; the head somewhat broadened 
the short process which overlaps me. and abuts against the unciform. The shaft 
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straight and actually slender, though stout comparison with me. and and 
nearly uniform width; the distal trochlea very low and tends semicylindrical rather 
than hemispherical; the prominent carina entirely palmar position. 

Metacarpal shorter than me. III, but otherwise resembles and me. the 
counterpart me. II, but perceptibly shorter and thus hardly forms symmetrical pair 
with it. 

All the five metacarpals are thus different lengths, very surprising feature 
White River artiodactyl, one would not have expected find primitive manus 
Oligocene member this family, which, most respects, far from primitive. 

The phalanges are similar, except size, each the digits; the first phalanx 
laterally compressed and slender and relatively elongate, tapering distally; length the 
first phalanx proportioned that its metacarpal and the pollex tiny, but 
like that the third digit miniature. The phalanges the second row are like the 
proximal ones except being very much shorter, hardly half the length, fact. The 
unguals are short, slender and pointed, almost claw-like rather than hoof-like. 

whole, the manus small, well primitive, and very unlike that any 
existing artiodactyl, not only having five digits, but also its imperfectly paraxonic 
symmetry. 

The pelvis well preserved except for the anterior ends the ilia, which have been 
broken away and lost. The innominatum long and relatively broad and its elements 
are all indistinguishably co-ossified, spite the comparative youthfulness the animal. 
The ilium long and extends well front the sacrum and everted, allow room 
for the transverse processes the lumbar vertebrae. Seen from the side, the ilium long 
and narrow, the neck broad and laterally compressed and retains the primitive trihedral 
shape; anteriorly, the bone expands but little, making narrow and nearly flat gluteal 
surface; the pectineal tubercle small and obscure. The acetabulum relatively large 
and somewhat irregular outline and the sulcus for the round ligament large and deep; 
above the acetabulum, the ischial border the ilium but slightly arched upward, 
difference from the Pecora, which this arching conspicuous; another difference from 
the same the absence the deep oval depression dorsal the acetabulum. 

The ischium elongate and, for most its length, slender, expanding posteriorly, 
where the ventral surface broad behind the obturator foramen, descends the 
symphysis; the tuberosity the ischium little developed and merely thickening 
the border. 

The anterior branch the pubis, which enters into the formation the acetabulum, 
short and rod-like, broadening into plate the long symphysis, which nearly flat 
transversely. The obturator foramen very long, narrow oval, decidedly different 
from that the modern camels, which this opening nearly circular. 

The femur, like all the other bones the hind leg and foot, is, comparison with 
those decidedly short. Hypertragulus the femur stout and but slightly 
bowed forward; the head large and set upon very short neck, which directed obliquely 
inward and upward; the great trochanter low and rises but little above the head, from 
which separated narrow notch. The digital fossa narrow and deep and has 
probably been reduced width crushing, through there little indication that 
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any other part the bone. The second trochanter relatively large and prominent and 
projects obliquely inward and backward, visible both front and side views; 
arises near the head, making very short intertrochanteric ridge. The shaft rather 
stout, cylindrical and nearly uniform diameter, though enlarging little near the distal 
end. The linea aspera externa very distinct and rugose and runs for the whole length 
the shaft, but the popliteal space ill defined. The rotular trochlea narrow and deep 
and slightly asymmetrical because the greater prominence the internal margin; 
proximally, passes into the obscurely marked suprapatellar fossa. The condyles are 
nearly equal size and project prominently backward and the intercondylar notch deep. 
small fabella attached the external condyle, but the inner one missing. 

The patella has peculiar shape, elongate proximo-distally, narrow and nearly 
uniform width, differing from that Leptomeryz, which the proximal portion broader 
than the distal, and has more obtusely rounded lower end. The bone curved, with 
convex anterior and concave posterior side. 

The tibia the longest the limb-bones, but does not exceed the femur relative 
length much from which farther differs having the ends, proximal 
and distal, co-ossified with those the fibula. The proximal end the tibia compara- 
tively heavy, the condyles are slightly saddle-shaped and separate and the two segments 
the bifid tibial spine are far apart. The massive and rugose tuberosity, into which the 
patellar ligament was inserted, passes distally into the crest, which prominent 
but short, much small dog, the tibia which that Hypertragulus bears 
superficial resemblance. The sulcus for the extensor digitorum longus tendon very distinct. 
The shaft long and rather slender and has slight lateral sigmoid curvature. The 
proximal quarter the shaft trihedral, with prominent external border, which encloses 
deep concavity with the cnemial crest, but, for most its length, the shaft 
lindrical, with flattened posterior side. becomes somewhat broader and 
antero-posteriorly compressed. The distal end has highly characteristic appearance, 
with three projections, separated equal grooves. The least prominent the three 
processes the internal malleolus; the relatively large and heavy external malleolus has 
seemingly become part the tibia ankylosis with the fibula; between the two malleoli 
the very prominent tongue, which the dorsal extension the intercondylar ridge. 

The fibula extremely reduced, though not, apparently, interrupted; previously 
noted, the two ends are co-ossified with the tibia and, this particular specimen, several 
fragments the shaft adhere the tibia, but without bony union. these fragments 
show, the fibular shaft extremely attenuated and thicker than pack-thread, but 
was probably entire the living animal. may inferred from the position the 
ends and the shaft-fragments, the two bones were contact for most their length and 
separate the point where the shaft the tibia curves inward and makes narrow inter- 
osseous space. Aside from the ankylosis, the relations the two bones are very much 
small dog. 


PEs 


The hirid foot much more specialized than the fore, but far less than 
structurally tetradactyl, was functionally didactyl, for the lateral digits are reduced 
the condition dew-claws. whole, the pes much longer than the manus, but there 
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such relative difference Leptomeryx. The Tarsus which very long and narrow, 
resembles that differing only certain minor details. The astragalus 
narrow and rather short proximo-distally; the trochlea for the tibia is-deeply grooved and 
nearly symmetrical and separated from the distal one considerable interspace, 
which deep fossa for the intercondylar tongue the tibia. The distal trochlea 
divided nearly equally between the two elements the compound cubo-navicular bone, 
and the plantar surface for the sustentaculum unusually prominent; this 
surface obscurely divided shallow median sulcus. 

The calcaneum relatively short and narrow, especially the tuber calcis, which 
thin and laterally compressed, with club-like thickening the free end, which bears 
narrow tendinal sulcus the plantar angle. The plantar border the bone straight, 
but the dorsal border inclined, narrowing the tuber proximally. The fibular facet 
prominent, but very narrow and, minute is, yet has rather complex articular surface. 
The distal end narrow and has planto-dorsally concave facet for the cuboid. The 
external side the caleaneum broadly grooved, the borders the concavity becoming 
prominent below the fibular facet. The sustentaculum relatively large and prominent 
and its articular surface for the astragalus indistinctly divided into two parts. 

Cuboid and navicular are completely fused together, also true all the White 
River members the Hypertragulidae, while the other family, the Protoceratidae, 
they remain separate. The compound bone elongate proximo-distally and narrow 
transversely, though the cuboid made seem narrower, front view, than actually 
is, because the shelf cut for the caleaneum. the plantar side, the cuboid gives 
off short, blunt hook, which directed distally and engages the plantar projection from 
the head metatarsal IV. the distal end the cuboid are facets for mt. and 
the latter posterior position. The navicular element block-like, with quadrate dorsal 
face and principal diameter the dorso-plantar one; from the navicular also given off 
plantar hook, which much shorter than that the cuboid. the distal end large 
surface for the compound cuneiform and very small one for the entocuneiform. 

The ecto- and are co-ossified form quadrate, almost cubical bone, 
with facets all sides, except the dorsal and plantar; this rather young individual the 
line junction between the two elements still visible. Distally, the facet for mt. III 
nearly plane and subtriangular shape, narrowing toward the plantar side. both 
hind feet the entocuneiform missing, but its former presence demonstrated the 
facets for the navicular and metatarsal 

The Metatarsus consists four separate members, arranged paraxonic symmetry, 
the median pair, mt. III and IV, were functional, but the laterals, mt. and are vestigial 
and can have been use. all the Oligocene members the subfamily, there 
extraordinary difference between manus and pes the degree specialization, the 
difference reaches its extreme which greater than any other known 
artiodactyl, fossil Recent. Hypertragulus, mt. greatly reduced, but uninter- 
rupted and complete; the proximal end slightly thickened and bears minute facet for 
the entocuneiform; the shaft mere bony thread and straight, except near the distal 
end, where increases somewhat diameter and outcurved; the trochlea minute and 
hemispherical shape. 

Metatarsal III considerably longer and heavier than mt. II, but relatively 
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and slender compared with that the proximal end wider than the 
shaft transversely, but has strong and prominent plantar projection, which together with 
similar plantar process from mt. IV, wedged in, speak, between the plantar hooks 
cuboid and navicular, greatly strengthening the joint between the two functional meta- 
The shaft mt. III straight, and broadens toward the distal end; the dorsal 
and tibial sides the shaft rounded continuous curve, the plantar side flattened 
and the fibular side, also flattened, closely adjusted the approximate side mt. IV. 

Metatarsal differs very little from mt. III, which the counterpart and with 
which forms pair that much more perfectly symmetrical than are the corresponding 
metacarpals, and metatarsal forms equal and symmetrical pair with mt. II. 
proximal end moderately expanded, articulate with the cuboid, and the shaft ex- 
tremely attenuated, but the minute distal trochlea perfectly formed. 

The phalanges the lateral digits are useless vestiges and yet are miniature copies 
those the median digits, which cubic content, exceed them more than twenty times. 
Those the functional digits, III and IV, are slender and elongate, with expanded proximal 
end and very narrow shaft. Those the first row are more than twice long the 
corresponding ones the manus, but similar shape, and they have deeply concave 
facets for the metatarsals, grooved near the plantar border for the carina; the distal trochlea 
has continuous articular surface, divided median groove into two parts. The second 
phalanx very much smaller and has differently shaped ends; the distal articular surface 
reflected much farther over upon the dorsal side. 

The ungual phalanges are narrow and pointed, with flat and narrow plantar side and 
sharp-edged dorsal border. These unguals are not only very much larger than those 
the manus, but they are also differently shaped and less suggestive claws. 

Species. Only single White River species can, yet, assigned this genus. 


Hypertragulus calcaratus Cope 


Leptauchenia calcarata Cope: Palaeont. Bull. No. 16, 1873. 
Hypertragulus calcaratus Cope: Proc. Acad. Nat. Sci. Phila., 419, 1873. 
Hypertragulus tricostatus Cope: Ibid. 


Cope named two additional species this genus from White River beds, tricostatus 
and transversus, but tacitly withdrew the former 1884, when wrote: know 
but the one species, the calcaratus Matthew? has shown that supposed 
third species transversus Cope, from the Cypress Hills Saskatchewan, almost 
certainly not referable even closely related Hypertragulus. The John Day species, 
hesperius, distinct, differing its larger size and certain characteristic features 
the facial bones. calcaratus very small and delicate structure, decidedly more 
than evansi. 


Proc. Amer. Philos. Soc., Vol. 24. 
Bull. Amer. Mus. Nat. Hist., Vol. XVI, 314. 
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MEASUREMENTS 


A.M. 
No. 1341 No. 6964 No. 14,543 
mm. mm. mm. 

Upper canine, ant.-post. 
Upper cheek-tooth series, 
Lower cheek-tooth series, 


P3, transverse diam 
P4, ant.-post. diam 


Skull, width postorb. 
Skull, width over zygomatic arches................... 
Skull, width rostrum between and 
Skull, width rostrum canines.................... 
10.5 
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The remaining measurements, given the subjoined table are all taken from the 
skeleton (Princeton Univ. Mus. No. 14,540) which owe the kindness Professor John 


Clark, the University Colorado. 


Professor Clark had the great good fortune 


obtain member Hypertragulus skeletons the Big Bad Lands South Dakota, 
the season 1937 and one these was received the Princeton Museum exchange. 
has not yet been feasible prepare this extremely delicate specimen completely and 
most the backbone still concealed the matrix. 


MEASUREMENTS 

prox.-dist. length....... mm. Carpus, prox.-dist. 
Scapula, ant.-post. dia. glen. Metacarpal length.......... 
Scapula, transverse dia. glen. cav....... Metacarpal prox. width............. 
Humerus, length fr. ext. tuber......... Metacarpal IT, length................ 
Humerus, length fr. head............. Metacarpal II, prox. width............ 
Humerus, prox. width................ 13.5 Metacarpal III, length............... 
Humerus, dist. width................. Metacarpal III, prox. width........... 
Ulna, length olecranon............. Metacarpal IV, length................ 
Metacarpal IV, prox. width........... 3.5 
Digit III, 1st phalanx, prox. width..... Astragalus, prox. width............... 6.5 
Digit III, 2nd phal., length........... Cuboid, prox. dist. 
Digit III, 2nd phal., prox. width....... Cubo-navicular, width................ 
Digit ITI, ungual, length.............. 5.5 Metatarsal II, prox. width............ 1.5 
Digit phal., length............. Metatarsal length................ 
Pelvis, length (approx.)............... Metatarsal III, prox. width........... 
Pelvis, width acetab................ Metatarsal dist. 
Pelvis, width over isch. tub............ Metatarsal IV, length................ 
Ilium, length (approx.)............... Metatarsal IV, prox. width............ 
symph., length (approx.)........ Metatarsal length................. 
Obtur. foramen, length............... 22.5 Metatarsal prox. width............ 
Femur, length fr. gr’t troch............ Metatarsal dist. width............. 
Femur, dist. thickness................ Digit III, phal. length.............. 


The measurements the table below display the relative lengths the anterior and 
posterior extremities Hypertragulus and 


q 


TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 


calcaratus evansi 


Horizon: 
Localities: Cedar Ck. Col. (Type). Big Bad Lands, So. Dak. 


Subfamily Osborn 
Hypisodontinae Osborn: Age Mammals, 551. 


Hypisodus Cope 


(Plate LVIIT) 


Leptauchenia Cope (nec Leidy) part: Palaeont. Bull. No. 16, 
Hypisodus Cope: Synop. Vertebrata fr. Tert. the Plains, Washington, 1873, 


The dentition this genus more specialized than that any other member the 
subfamily, but the pes, the contrary, less specialized than that Leptomeryz, for 
has cannon-bone and the lateral digits, though greatly reduced, are complete. The 
species Hypisodus are the smallest known artiodactyls and the fossil remains these 
tiny creatures, which are known only from the White River formation, are very rare and 
for the most part, very fragmentary. fairly complete skull (No. 9354) the American 
Museum, with manus and pes another individual, which were described and figured 
Matthew, and the Nebraska State Museum has recently obtained well-preserved skeleton. 
For the opportunity study and figure this unique specimen indebted the kind- 
ness Professor Barbour, who has greatly assisted the preparation this 
monograph. 


DENTITION 


none the skulls are the premaxillae preserved and, therefore, the presence 
absence upper incisors cannot determined. the upper canine were present, the 
Nebraska skull would, almost certainly, show some sign it, but vestige indicated. 

Upper Teeth. The grinding teeth are hypsodont, more completely than any 
other artiodactyl the White River, which epoch the high crowned tooth occurs rarely; 
has, otherwise, been observed only Poébrotherium which hardly more than 
incipient stage, and the hare-like Palaeolagus. front the cheek-tooth series 
there long edentulous space. The premolars are reduced two functional teeth; 
absent and the vestigial was usually shed the older animals leaving only 
and functional teeth. P3, though was used, very small; thin, trenchant and 
compressed-conical shape and simple except for small deuterocone. the usual 
selenodont pattern, with crown composed inner and outer crescents, and resembling 
half molar. 
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The molars are alike, except size, which increases backward; they are completely 
hypsodont and evidently continued grow throughout life, for none the individuals 
are roots visible, but old animals enamel ceased form. The prismatic molar crown 
tetraselenodont, narrow and compressed; the buccal side nearly flat, but there 
narrow parastyle and the antero-external crescent has median rib; meso- and metastyles 
are absent. This flatness the external wall marked contrast the molars the 
other genera the subfamily. 

Lower Teeth. incisors, aside from few roots place, have yet beenfound. Cope 
believed that each ramus mandibuli had five incisiform teeth, the incisors, canine and first 
premolar, belief which expressed the generic name. Matthew was inclined 
accept this interpretation, though with some doubt. That doubt justified the Nebraska 
specimen, which the mandible has intact; minute and vestigial and cannot have 
been useful, but, shape, caniniform, not like incisor, but erect, cylindrical and 
sharp-pointed, separated from the true canine. thus agrees with that Leptomeryz, 
but even further reduced. Other mandibles show much variation the character 
this tooth, differences which are perhaps sexual rather than specific. For instance 
specimen the Carnegie Museum (No. 883) which has been figured Frick (Bull. 
A.M.N.H., Vol. LXIX, fig. 64, 616) shows procumbent and incisiform, Cope 
believed be. The Nebraska specimen may regarded male and the Carnegie 
mandible female, though seems strange that sex-differences should appear these 
vestigial and useless teeth. 

Following long diastema, separating from p2, which completely isolated 
short space behind it; likewise minute, vestigial and styliform. older indi- 
viduals this tooth has usually been shed, leaving only two usable premolars and 
which form part the close-set check-tooth series. small, though much larger than 
p2, and inserted two roots (this may milk-tooth). The crown, which slightly 
overlaps the buccal side, thin and compressed and has secant form; its functional 
value indicated slight abrasion old animals; postero-internal ridge encloses 
very narrow valley with the external wall. much the largest the premolars and 
appears without roots; the unworn condition, evidently triconodont, with high 
principal cusp and anterior and posterior basal conules and two shallow, internal valleys. 

The molars are completely hypsodont and apparently developed roots, even 
old age; the crowns are very thin and compressed and the crescents are early obliterated 
abrasion, that each tooth, except the last one, appears composed two columns, 
united internally. size, the molars increase backward, being much the largest, 
because the talon, which even larger than the other lobes, resulting tri-columnar 
crown. 

Milk Dentition. Very little known the milk teeth, but Matthew has recorded 
one interesting observation, that the last upper milk-premolar (dp4) exactly like the 
first true permanent molar, Hypertragulus, and thus brachyodont and rooted. 
similar relation between the deciduous and permanent premolars has been observed 
the mid-Miocene horse, Merychippus, and the South American Miocene typothere, 
Interatherium. both these groups the permanent premolars are hypsodont and the 
milk-premolars brachyodont and rooted. doubt, all the hypsodont mammals passed 
through similar transition stage, but has, yet, been observed only few instances. 
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Troxell has made some excellent remarks concerning the dentition Hypisodus, 
propos his new species alacer: have been impressed from the beginning 
study, rather superficial way, perhaps, with the very camel-like form and arrange- 
ment the molars; their much greater anteroposterior than transverse diameter; 
the prominent para- and metastyles, especially the lake; the widely separated 
and angular lobes the lower molars; and the remarkable hypsodonty all the teeth. 
evident that these little animals are slightly off the main line camel descent.” 
(Amer. Journ. Sci., Ser. Vol. XLIX, 392, 1920.) 

The molar teeth are long-crowned, and general form have the typical selenodont 
style artiodactyl tooth. the upper molars the anterior lobe each much larger 
and therefore, because the inner borders are aligned, the teeth themselves are set 
angle and the metastyle (postero-exterior crown) rests against the middle the tooth 
behind, while the parastyle (anterior) set far out into the maxillary bone and overlaps 
the preceding tooth. Only does metastyle have room develop sharp fold 
and thus the last superior molar narrowed behind, forming what has been termed 
‘small heel 394.) 


SKULL 


The skull Hypisodus very remarkable and, while obviously similar type 
that Hypertragulus, yet highly specialized and peculiar and all its peculiarities suggest 
that the animal had nocturnal manner life. 

view the very small size and extreme delicacy and fragility this skull, 
not all surprising that complete specimen has yet been obtained, but, com- 
bining the material the American and Nebraska State Museums, possible recon- 
struct skull that complete except for the alveolar process the premaxillae and the 
angle the lower jaw. The Nebraska skull, which associated with much the best- 
preserved skeleton that has far been found, lacks the occipital region, the zygomatic 
arches and the orbital rims, but has the most nearly complete rostrum that known. 
The specimen figured Matthew (A.M.N.H., No. 9354) very well preserved except 
for the pre-dentary part the muzzle. (Bull. A.M.N.H., Vol. XVI, 311.) 

The most striking characteristics the Hypisodus skull are: (1) The extreme slender- 
ness the long rostrum and the abrupt constriction the face advance the tooth- 
rows; (2) the very large size the orbits; (3) the great development the auditory bullae, 
which are proportionally far larger than Hypertragulus, and are actually 
contact front; (4) the very brachycephalic cranium, which more shortened than 
any other White River selenodont, and the consequent abbreviation the 
arches; (5) the basifacial axis much more bent down upon the cranial axis than other 
Hypertragulidae; (6) there much more decided descent from the forehead the rostrum 
than the other genera this subfamily. 

When the skull viewed from above, has singularly bird-like appearance, which 
occasioned the short, broad and convex brain-case and the long, slender, beak-like 
rostrum. The occiput higher and narrower, proportionally, than Leptomeryz, 
Hypertragulus, and more simply convex transversely, without ridges fossae. Matthew 
describes thus: ‘‘The occiput much more modernized than either Hypertragulus 
Leptomeryx, somewhat less than Tragulus. high, with slight occipital and sagittal 
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and prominent bulge over the foramen magnum giving increased space for the 
(Mem. A.M.N.H., Vol. 440, 1901.) 

The almost entirely concealed the hypertrophied bullae; the condyles 
are small, low and transversely extended, the foramen magnum rising well above them. 
The shape this opening different each the three genera; Hypisodus high 
and narrow, with curved dorsal margin; Leptomeryz low and wide, the dorsal border 
angulate and the condyles extending above it, while Hypertragulus condyles and foramen 
have nearly the same dorso-ventral diameter and the upper margin nearly straight. 
The sutures the various occipital elements are not distinguishable any the skulls 
before us, but, apparently, the mastoid not exposed the surface the cranium. The 
paroccipital processes have about the same relative development the other two genera, 
but are much nearer the condyles, from which they are separated narrow grooves 
only; they not project below the tympanic bullae, with which they are ankylosed. 

The auditory bullae, above emphasized, are far larger than the other two genera 
and differ shape, having relatively much greater vertical and antero-posterior diameters; 
for the anterior third their length, the bullae are connate, concealing the basisphenoid 
entirely and most the basioccipital also. There much resemblance between these 
bullae and those Poébrotherium, the White River camel, but they are even larger 
proportion and the tubular meatus extends less upward and more backward. Another 
difference that Poébrotherium the bullae are filled with cancellous bone, while 
Hypisodus they are hollow. 

none the available skulls are the cranial sutures visible, but obvious from the 
very proportions that the parietal and squamosal are short and wide; 
the sagittal crest very short and low that hardly more than linea aspera, while 
the temporal ridges are even more inconspicuous and diverge abruptly the orbits. The 
zygomatic arch very short and relatively stout and seems take part the formation 
the postorbital boundary, which appears entirely from the frontal, horse. 
all events, the orbit completely encircled bone, Leptomeryz, but, that genus, 
the jugal has extensive postorbital process, and Hypertragulus the process, which 
more than tubercle, arises from the zygomatic process the squamosal. The latter 
process short and relatively stout and the jugal, Leptomeryz, has broad suborbital 
portion, which dorso-ventrally oblique and has large surface for the masseter muscle; 
the masseteric ridge nearly coincident with the lower rim the orbit. 

There distinct postorbital constriction, the prominence the orbits giving the 
effect constriction. The frontals are very large, compensating for the shortening 
the parietals; the forehead broad and convex both directions, but slightly dished 
the prominent orbital rims, and descends steeply forward the base the rostrum. 
Anteriorly, the frontals receive the nasals shallow emargination and they have 
nasal processes. 

The nasals, like the other elements which make the rostrum, are very peculiar; 
there small antorbital vacuity between nasal, frontal and maxillary, other members 
the family, but much smaller. The nasals are very long and narrow and transversely 
convex, with lateral borders curved that the anterior portions these bones are almost 
tubular, and look like the quills small bird. Posteriorly, the frontal suture, the 
nasals are flattened and slightly broadened, narrowing and becoming more curved forward. 
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For most its length each nasal not contact with the maxillary, from which 
separated narrow slit, but suturally connected with the The free ends 
the nasals are very slightly emarginated. 

The anterior nares are very small, even proportion this skull; they are 
bounded dorsally the nasals, laterally and, doubt, ventrally also the premaxillaries, 
but the Nebraska skull, the only one which retains the ascending ramus one premaxilla, 
has lost the horizontal portion. 

The very unusual character; the suborbital portion low, but attains 
relatively great dorso-ventral height front the orbit, dimension which decreases 
forward, the dorsal border descending steeply, especially where passes beneath the 
premaxillary. front the maxillaries are sharply constricted, form the extremely 
slender, beak-like rostrum, which, far can determined, entirely edentulous. 
The loss the alveolar processes from both premaxillaries makes impossible assert 
that there were upper incisors, though, all probability, there were none, but, there 
were any vestige the canine, some indication would surely visible the Nebraska 
skull, but there sign it. The infraorbital foramen, which far forward and opens 
advance p3, double. The anterior end the maxillary forms long suture with 
the premaxilla and narrows blunt point. 

both the Nebraska and New York skulls the bony palate has large vacuities, but 
these openings not agree size position the two skulls, they are probably 
accidental and due failure the delicate bone fossilization. The posterior nares open 
farther forward than and have about the same relative position Hyper- 
tragulus, but the median palatine spine much better defined than either the other 
genera. 

The lacking only the alveolar portion, preserved the right side 
the Nebraska skull and was very probably edentulous; the ascending ramus surprisingly 
large, extending over the anterior end the maxillary broad suture with the nasal; 
its anterior margin, which forms the border the nasal opening, slightly concave. 

The mandible very characteristic; the two halves the jaw are separate, 
Leptomeryx and Hypertragulus, and meet long symphysis, which even more pro- 
cumbent than and channeled the dorsal side. The horizontal ramus 
very delicate and fragile and its dorso-ventral height diminishes forward, that the 
edentulous portion very slender. Best-preserved the mandibles the one associated 
with the Nebraska skull and even that lacks the tip the symphysis and most the angle. 
The ascending ramus relatively high and the portion which above the angular expansion 
narrower than The coronoid relatively high the latter, but 
much narrower and more distinctly Judging from the part that remains, the 
angle was probably produced backward far Leptomeryx and was similar shape; 
the masseteric fossa narrower and decidedly deeper. 


VERTEBRAE AND RIBS 
The photograph the mounted Nebraska skeleton for which indebted 
Professor Barbour and which has served the basis text-figure 124, the only material 
available for the vertebrae, ribs and pelvis Hypisodus, was not thought advisable 
expose these very fragile bones the risks transportation. am, therefore, unable 
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give more than general account the axial skeleton other than the skull. The neck 
appears relatively longer than the trunk-vertebrae are divided into 
dorsals and lumbars; the spines all the trunk-vertebrae, far the photograph 
trusted, are remarkably short, erect, uniform size and without backward inclina- 
tion, merely becoming somewhat broader the lumbar and posterior dorsal regions. 
Several caudal vertebrae have been preserved connection with this skeleton and these 
indicate short tail; the 5th 6th vertebra has already lost the various processes and 
acquired the elongate, cylindrical centrum which, long tails, even those moderate 
length, appears much farther behind the pelvis. 

The ribs are short and slender, the anterior four five pairs are broader and flatter; 
posteriorly, the ribs become more rod-like. 


Fig. sp. Mus. Univ. Nebraska, Lincoln, Neb. 


AND LIMBS 


Apparently, nothing remains the scapula. The pelvis seems very different 
from that having more elongate ilium, which the peduncle relatively 
much longer and the expansion the plate narrower and more gradual. 

would seem that Hypisodus the disproportion the length fore and hind 
limbs was greater than Hypertragulus and much less than which has 
almost the proportions the Recent Tragulus. is, however, not yet possible deter- 
mine with certainty the ratio fore and hind legs, because the unique Nebraska skeleton 
neither humerus nor manus complete, but ulna and pes are preserved their full length 
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and the measurements median metatarsals and ulna show that the former are Hypi- 
sodus proportionally only 4/5 long they are Leptomeryx and what remains the 
median metacarpals suffices show that these bones were relatively much longer than 
Leptomeryx. The phalanges may directly compared. Though actually much smaller 
animal, the combined length the phalanges digit III the manus measures mm. 
the Nebraska skeleton Hypisodus, compared with 24.5 mm. evansi. 
These measurements indicate more equalized fore and hind limbs Hypisodus, 
shown the way that the skeleton mounted. 

this genus the limbs and feet are extraordinary slenderness and elongation, 
giving the skeleton extremely stilted and rickety look. The humerus lacks the 
proximal portion; the extremely slender shaft tapers downward slightly, but nearly 
cylindrical for most its length; near the distal end the shaft antero-posteriorly com- 
pressed and little broadened, but remains very narrow and the narrowness emphasized 
the absence epicondyles. The trochlea narrow and oblique, sloping downward 
toward the ulnar side, and has sharp, well-defined intercondylar ridge, much the 
Pecora. 

and radius are ankylosed for their entire length, Hypertragulus, but not 
Leptomeryx; the radius long and very slender, relatively much more slender than 
Leptomeryx; the proximal end but little wider than the shaft and .does not cover the 
whole breadth the humeral trochlea, small portion which, the dorso-external side, 
articulates with the ulna. The shaft has decided forward curvature and demarcated 
from that the ulna groove the external side which, for nearly half the length 
the bone, conspicuous, becoming less distally, but distinct throughout. the inner 
side the demarcation faintly shown, but may followed for the entire length the 
bones. Near the distal end the radial shaft becomes somewhat broadened and thickened; 
the concave carpal facets are very distinct; the one for the scaphoid slightly larger than 
that for the lunar. 

The ulna complete, but the shaft greatly reduced and its distal portion almost 
thread-like. The proximal part relatively broad and trihedral and part extends 
forward, articulate with the outer end the humeral trochlea. The olecranon 
proportionally shorter and lighter than Leptomeryx and, the radial side, concave 
with prominent borders. Distally, the ulna has very small facet for the pyramidal, 
which must have been much reduced. 

part the carpus has been preserved and only the median metacarpals, me. III 
and IV, are represented and these are incomplete, lacking more less the proximal 
portion. quite possible that the lateral metacarpals, mc. and were vestigial, 
absent, but the evidence this point inconclusive. all events, there can have 
been such difference length and thickness between metacarpals and metatarsals 
there enough remains me. demonstrate that fact, for the incom- 
plete bone actually almost long the uninjured one evansi and is, there- 
fore, proportionally much longer. 

The median metacarpals, III and IV, form perfectly symmetrical pair elongate, 
slender and closely appressed bones; the approximate and palmar surfaces are flattened 
and the latter very fine but distinct groove, which not present the metatarsals. 
Near the distal end, the shaft broadens slightly the low, convex trochlea; the carina 
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very prominent, but entirely confined the palmar side, the Tylopoda and Tragulina 
generally. the absence all the carpals and the proximal ends metacarpals III 
and IV, impossible say whether any vestige the lateral metacarpals remained. 

Phalanges are complete both digits and they are remarkably slender and elongate; 
the larger Nebraska species these phalanges are actually longer than Leptomeryx 
and, therefore, very much longer proportion the size the animal, for the largest 
species Hypisodus very much smaller than The first phalanx very 
long and slender, almost equalling length the same bone the pes; the proximal end 
relatively broad and grooved for the metacarpal carina, which conspicuously notches 
the palmar border; the distal end especially slender. The second phalanx likewise 
very long and slender, actually much more than though otherwise like 
form and the shape the articular surfaces. The ungual phalanx, furthermore, 
relatively more slender, elongate and pointed, but similar deer-like shape. Length 
and extraordinary slenderness, thus, characterize the manus, which, this particular, 
like the limb-bones and the pes. 

The femur is, far can estimated, considerably longer than the humerus and 
like all the other limb-bones exaggerated slenderness; the head separated 
deep notch from the great trochanter, which relatively large, rising above the level 
the head proximally and very broad antero-posteriorly, with deep digital fossa. The 
second trochanter even larger proportionally and prominent, triangular projection 
the inner side the shaft, from the apex which ridge extends distally and another 
proximally connection with the great trochanter; the intertrochanteric ridge is, thus, 
not merely linea aspera, but distinctly ridge; the large size and prominence the second 
trochanter are characteristic the genus. The shaft slender and rounded and has 
decided forward curvature, thickening somewhat distally. The distal end relatively 
heavy and has large condyles, which project prominently behind the plane the shaft. 
The rotular groove narrow and rather deep, with inner and outer borders nearly equal 
height, and reflected well upward upon the shaft. 

The patella rather large proportionately, and narrow and elongate; proximally, 
broad and thick and tapers distally point. 

The tibia, which ankylosed with the fibula, decidedly the longest all the limb- 
bones, exceeding the ulna (with olecranon) the ratio 104 71, and the femur which 
very slightly exceeds the 74. Though exceedingly slender, stouter than the 
other limb-bones, especially the proximal portion. The surfaces for articulation with the 
femoral condyles are nearly equal size and somewhat concave; the external one stands 
little higher proximally and more saddle-shaped than the internal one and narrows 
point the posterior side. The tibial spine almost obsolete. The enemial crest 
prominent, but very short, speedily dying away upon the shaft, but having heavy rugosity 
for the insertion the quadriceps tendon. Separating the crest from the outer condyle 
well-defined sulcus for the tendon the flexor longus digitorum. relatively very 
long shaft has slight lateral curvature, with the convexity the internal side; the proximal 
part the shaft trihedral, concave the outer side, convex the inner; the plantar 
side weakly convex and, near the proximal end, has distinct linea poplitaea. For 
most its length, the shaft subcylindrical, broadening distally somewhat: the distal 
third antero-posteriorly compressed and flattened the dorsal and plantar faces; 
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broad, shallow groove the former indicates the course the two tibialis tendons. The 
distal end has two deep grooves for the astragulus, separated prominent intercondylar 
ridge, which forms conspicuous tongue the dorsal border. The external malleolus 
fused with the tibia and the two malleoli, together with the dorsal tongue the inter- 
condylar ridge, give the distal end the tibia characteristic trident appearance, 
Hypertragulus; the internal malleolus tongue-like and pointed, the external one more 
extended 

The fibula greatly reduced and ankylosed with the tibia; the proximal end 
minute spine and, for two-thirds its length, the shaft has disappeared. The distal 
one-third almost indistinguishably fused with the tibia, but the line junction faintly 
indicated. The external malleolus relatively heavy and, the outer side, the lateral 
sulcus for the peroneal tendon very distinct. 

The Pes. Paradoxically, the pes less specialized than Leptomeryz, for the lateral 
metatarsals, mt. and are complete, though the shafts are mere bony threads, and there 
cannon-bone. The tarsus differs little, save its larger size, from that the other 
genera the subfamily, far known. The astragalus has small, narrow, deeply 
grooved and slightly asymmetrical proximal trochlea for the tibia; the asymmetry due 
the somewhat larger size the external condyle, and the intercondylar groove ends 
distally minute, circular pit; the inner condyle prolonged into plantar hook, against 
which the tibia engages extreme extension the pes. The distal trochlea, for the 
cubo-navicular somewhat larger than the proximal one; the facet for the calcaneal 
sustentaculum relatively prominent convexity. The proportionally 
long because the unusually elongate tuber calcis, which narrow and compressed some- 
what planto-dorsally toward the distal end, which slightly thickened and club-like and 
has distinct, though shallow groove for the Achilles tendon. The fibular side the tuber 
conspicuously concave, made groove, which broadens and deepens toward the 


distal end; the tibial side also grooved, but the groove shallower. The sustentaculum 


small and projects but little toward the tibial side and the fibular facet relatively 
broad and low; the distal end the usual artiodactyl shape, narrow and compressed, 
with sloping, slightly concave facet for the cuboid. 

Navicular and cuboid are co-ossified, all the known genera the subfamily; 
the cuboid portion the compound bone long proximo-distally, but deeply cut the 
oblique facet for the caleaneum; the plantar side there tongue-like process, which 
extends down over the plantar projection metatarsal IV. The portion 
narrow and has the distal end facets for two cuneiform elements, small lateral one 
for the entocuneiform and mvch larger one for the combined meso- and ectocuneiforms. 
The entocuneiform not preserved any the individuals before us, but its presence 
demonstrated the facets for the navicular and second metatarsal, the latter 
the plantar projection the metatarsal. Matthew thought that ‘‘the ento- and meso- 
cuneiforms were presumably united each (Mem. Amer. Mus. Nat. Hist., Vol. 
441), but this statement was, all probability, inadvertence, for, almost certainly, 
the first cuneiform free, while the second and third are ankylosed. This compound 
element block-like, nearly cubical shape and articulates only with the navicular and 
the third metatarsal. 

The metatarsus consists four members, the median pair, mt. III and IV, functional, 
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and the lateral pair, mt. and greatly reduced, that they can have been use. 
the Nebraska skeleton the lateral digits are not preserved, but there are minute facets 
for them the cuboid and mt. III respectively, and the only known examples them are 
those the pes described and figured A.M.N.H. No. 8989. this individual 
the proximal portion mt. with rather more than half the length its shaft, preserved 
and the distal part mt. II; the latter had lost the epiphysis which had not united with 
the shaft. Enough these vestiges remains show that originally they were complete, 
with thread-like shafts and slightly enlarged ends. From the size the distal end 
mt. II, may inferred that the phalanges both lateral digits were present the 
lifetime the animal, but they have not yet been found. The functional metatarsals, 
mt. III and IV, are long, extremely slender and closely appressed; the approximate surfaces 
the two shafts are quite plane, with thin edge the plantar side, while the dorsal 
and lateral sides form continuous curve. The shafts broaden slightly toward the distal 
end, terminating low, hemispherical trochleae, prominently keeled the plantar side, 
but with the carina not visible from the front. the proximal end are relatively large 
processes from the plantar side, which are close juxtaposition and which are firmly held 
place the entocuneiform the tibial side and the plantar hook the cuboid the 
fibular side; this manner, very strong joint produced. 

All the phalanges the two median digits are present the Nebraska skeleton and 
are remarkable for their length and slenderness. The first phalanx relatively broad 
the proximal end, which has concave surface for the metatarsal trochlea, grooved and 
the plantar border notched for the carina: the shaft tapers slightly downward and the distal 
end pulley-like and grooved the median line: the articular surface reflected far 
upon the dorsal side. The second phalanx very much like the first, except for its smaller 
size and relative shortness. The ungual phalanx long, slender and pointed, resembling 
the hoofs the tragulines and the smallest deer, but proportionally more slender. 

Species. The range Hypisodus time, far has yet been learned, through 
the Brulé substage the White River; has not been found the Chadron, nor the 
John Day lower Miocene. Three distinct sizes the animals have been observed and 
these, not improbably, indicate different species. Two these, the smaller ones, occur 
the lower and middle Brulé and the third, which much the largest, the Nebraska 
skeleton, often referred the preceding pages, and this was found the uppermost 
Brulé. 

Hypisodus minimus Cope 


Leptauchenia minima Cope: Synop. New Vertebr. from the Tert. Colo., Washington, 
1873, 14. 

Hypisodus ringens Cope: Ibid., 

Hypisodus minimus Cope: Palaeont. Bull. No. 16, 1873. 


This the species which have been referred nearly all the fossils representing the 
genus, including the fragmentary skeleton described and figured Matthew. 
specimen the Yale museum (No. 10,034), described and figured Troxell, said 
have rooted upper molars, which may characteristic old age; young adults the 
molars are rootless. Troxell has shown that, the details molar structure, there 
much variability; the most constant character the species its very small size, which, 
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however, slightly exceeds that alacer. According Troxell, upper jaw the 
Yale collection differs number particulars from Cope’s type. says: ‘‘The 
specimen Hypisodus Cope the Marsh collection maxillary with five teeth; its size 
close that Cope’s type and that basis will classed with the latter. Several 
distinguishing features the teeth may enumerated; there fold the posterior 
side the protocone and M2; much larger than fourth premolar 
triangular; short-crowned and trenchant and there coating cement many 


MEASUREMENTS 
Yale 
No. 9352 No. 10,034 

mm. mm. mm. 
Length five molars and premolars................ 17.3 
Length three lower molars...................... 
Length third lower molar....................... 5.8 
Width third lower molar........................ 2.5 


the American Museum are two skulls which are referable this species, both 
which have been figured Matthew. One these (No. 8989) very fragmentary, but 
has the best-preserved occiput that has yet been found; this associated with the above- 
mentioned partial skeleton. The other (No. 9354) very complete, except for the rostrum 
and the angle the mandible; the supraoccipital also has suffered somewhat from abrasion. 
This latter specimen, together with the skull from the Nebraska State collection, has 
furnished the basis the generic description. These two skulls supplement each other 
very fortunate manner and the fact that, very probably, each belongs different 
species drawback combining them, has been done Plate LV, figs. for 
they retain enough common make easy the enlargement the same scale. 


MEASUREMENTS 

No. 8989 No. 
Occiput, width over mm. mm. 
Occiput, height from 
Skull, width over zygom. 
Cranium, length cond. ant. rim orbit.............. 
Tympanic bulla, ant.-post. diam....................... 
Tympanic bulla, transverse diam....................... 
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MEASUREMENTS (Continued) 


A.M.N.H. 
No. 8989 No. 
Cuboid, prox.-dist. length dorsal face................ 


Distal epiphysis missing. 


Horizon: Brulé. 
Localities: Type, Cedar Cr., Colo.; referred specimens, Pawnee Buttes, Colo.; Big 
Badlands, So. Dak. 


Hypisodus alacer Troxell 
alacer Troxell: Amer. Journ. Sci., Ser. Vol. XLIX, 393, 1920. 


The author’s diagnosis his proposed new species given thus: one-seventh 
smaller than the type minimus Cope, shown applying the system ‘ratios.’ 
The teeth are simpler than those the other species and the upper molars are uniform 
size, being one-fifth smaller than Cope’s type. Both and simulate the true 
molars having two lobes each. The metastylid well shown and the posterior lobe 


three super. molars....... .0110 mm. Length three lower molars......... .0118 mm. 
Length last molar............. ... Length third lower molar.......... .0050 
Width last molar................. .0025 Width third lower molar........... 
Length five molars and premol...... .0157 


Horizon and Locality: Not stated. 


Hypisodus sp. 
(Plate LV) 


The Nebraska skeleton, often mentioned the generic description, indicates 
animal much larger than minimus, alacer, that probably referable 
species, inference which confirmed the stratigraphic position the type. 
The naming this species will left the staff the Nebraska State Museum, whose 
great kindness owe the highly prized opportunity describing and figuring this unique 
specimen. The skeleton evidently pertained old animal, with much worn teeth 
and sutures mostly obliterated. 


MEASUREMENTS 

Upper dentition, length Upper molar series, length............ 12.5 mm. 
ant.-post. diameter................ ant.-post. diameter............... 

transverse diameter............... 1.5 transverse diameter........ 

ant.-post. diameter............... 6.5 transverse diameter............... 

transverse diameter............... ant.-post. diameter................ 
Lower dentition, length transverse diameter............... 1.5 


~, 
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MEASUREMENTS (Continued) 


Diastema length............... mm. ant.-post. diameter............... 
Lower molar series, length............ transverse diameter............... 
ant.-post. diameter................ transverse diameter............... 
transverse diameter............... ant.-post. diameter............... 
ant.-post. diameter................ transverse diameter............... 


Because the incompleteness the skull, very few its dimensions could taken. 


Skull, width over jugals............... mm. Tympanic bulla, trans. diam........... mm. 
Rostrum, width p3................ Mandible, depth pI................ 
Rostrum, width prmx.............. Mandible, depth m3............... 


the bones the fore-limb, only the combined ulna-radius intact, but enough 
the humerus remains permit fair estimate its length. the manus all three 
phalanges the third and fourth digits are complete and much the median metacarpals 
remains. The incomplete actually almost long the far larger Leptomeryx 
and, therefore, much longer proportionally. Nothing left the carpus and, the 
absence these and the proximal ends me. III and IV, impossible say whether, 
not, the lateral digits are normally present; indication their presence has been 
found, but that fact inconclusive. every other genus (save Hypertragulus) both 
families the Hypertraguloidea which the structure the manus known, there 
are least four separate digits the fore foot and Hypertragulus has five. Hypisodus 
may the solitary exception having but two digits the manus, but would 
premature assert that was exceptional. 


Humerus, length from head (est.)........ mm. 1.5 mm. 
Radius, proximal width................ First phalanx, digit III, length........ 
Radius, distal First phalanx, digit III, prox. width.... 

Ulna, length Second phalanx, digit III, prox. width.. 3.5 
proximal width.................. Ungual phalanx, length............... 


Hind leg and foot are very much more complete and lack only the vestigial lateral 
digits, such have been found minimus. Femur, patella, tibia and fibula, tarsus, 
the median metatarsals and their associated phalanges are preserved and the loss the 
thread-like lateral metatarsals not surprising even complete individual. Their 
former presence sufficiently indicated the facets for them tarsals and metatarsals. 
The preservation them Matthew’s specimen rare and fortunate accident. 


Femur, length from head............. mm. mm. 
Femur, length from gr’t troch......... Astragalus, prox. width .............. 
Femur, distal thickness............... Metatarsal III, length................ 
Metatarsal III, prox. width........... 
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12.5 Metatarsal IV, prox. width............ 
Tibia, proximal thickness............. 12.5 Metatarsal IV, dist. width............ 
Tibia, distal width (inel. fib.) First phalanx, 
Second phalanx, length............... Ungual phalanx, length............... 
Second phalanx, prox. width.......... Ungual phalanx, prox. width.......... 


Horizon: Uppermost Brulé. 
Locality: Nebraska. 
Subfamily Osborn 
Leptomerycinae Osborn: Age Mammals, 551. 


Leptomeryx Leidy 
(Plates LVI, 


Leptomeryx Leidy: Proc. Acad. Nat. Sci. Philad., Vol. VI, 394, 1853. 
Trimerodus Cope: Palaeont. Bull. No. 16, 1873. 

many ways the most advanced and specialized the family, this genus especially 
characteristic the White River beds, extending through the whole thickness the 
formation. one the commoner fossils the lower Brulé (Oreodon Beds) and 
much less frequently found the upper Brulé, the Chadron. persisted through the 
John Day and into the lower Miocene (Gering stage). 


Fig. 125. Leptomeryx evansi. Skeleton, left side. Mus. State School Mines, Rapid City, 
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Like all the genera the family, this genus included very small animals which 
somewhat exceed size the Javan Mouse-deer, Tragulus kanchil, but 
properly referred here, much the largest The general aspect the skeleton, 
the skull excepted, very like that such modern chevrotains the Javan species, 
especially the proportional lengths the fore and hind legs and feet. 


DENTITION 


The dental formula is: The rows cheek-teeth show decided curva- 


ture, when the skull viewed from the side; the upper tooth-row convex downward 
and the lower row concave upward, the two occluding perfect fit. Similar curves are 
seen Hypertragulus, but they are much less strongly marked and Hypisodus 
the grinding surfaces are almost horizontal. 

Upper Teeth. The only skulls that have seen which retain the alveolar portion 
the premaxillae are two specimens the museum the State School Mines, 
Rapid City. One these, which Mr. James Bump very kindly sent for examination, 
has two alveoli, with minute teeth almost hidden within them and third socket, empty, 
visible front the canine. Evidently, the upper incisors were useless vestiges which 
could not have been visible the living animal. The upper canine very small vestige, 
which can have had function, but was probably protruded below the gum and is, there- 
fore, included the formula. This one the greatest divergences from Hypertragulus, 
which the upper canine relatively large and was clearly useful its possessor. Between 
the canine and the foremost premolar, p2, long diastema. 

The cheek-teeth are close-set, continuous series and the premolars are relatively 
small; constantly lacking and skull which retains has. been reported. The 
second premolar, p2, actually the foremost one, low and trenchant, with narrow, com- 
pressed crown, which, however, relatively extended the antero-posterior direction; 
viewed from the buccal side, displays triconodont structure, with high protocone and 
lower anterior and posterior basal cusps. There small inner cusp, deuterocone, 
but the tooth has only two roots; low, internal cingulum, extending fore- and aft from 
the deuterocone, encloses shallow, longitudinal valley. very like p2, but little 
larger; the crown has nearly the same fore-and-aft diameter, but somewhat higher 
vertically and broader transversely, because the larger deuterocone, which carried 
root. The cingulum encloses enamel pockets front and behind the deutero- 
cone. smaller than and consists single external and internal crescents 
and, ruminants generally, this tooth looks like half-molar. 

made plain the foregoing description, the upper premolars Leptomeryz, 
while the same type those Hypertragulus, differ from them very distinctly. Not 
only has been suppressed, but and are made more complex the development 
the deuterocone, with its accessory enamel-pockets. 

The upper molars are thus described Leidy: ‘‘The upper true molars Leptomeryx 
are almost miniature resemblances those the Deer, except that the inner lobes the 
crown send accessory processes into the interspaces separating them from the outer 
lobes. The external faces the latter exhibit, the same manner, series prominent, 


FAUNA THE WHITE RIVER 539 


narrow, buttress-like ridges and from the base the postero-internal lobe anteriorly, 
there springs strong 

The characteristic features the upper molars are: (1) the incompleteness the 
inner crescents, their approximate horns being separated narrow valley. Riitimeyer 
regarded this incompleteness indicating tylopodan relationships. (2) There are 
spurs from the inner crescents projecting into the valleys. (3) There conspicuous 
pillar between the two internal crescents. (4) The prominence the para- and mesostyles 
and the median ribs the buccal faces the external crescents. 

The three upper molars differ somewhat size; slightly larger than and 
distinctly the smallest the series, made the reduced size the posterior pair 
crescents. 

Lower Teeth. The incisors are peculiar; the first one, il, very much larger than the 
others, twice long and three times thick i2; the tooth procumbent and points 
almost directly forward. the unworn condition the crown sharp pointed and has 
convex ventral and slightly concave dorsal face. The second and third incisors, and 
are very much shorter and more slender, with somewhat spatulate tips and are curved 
toward the outer side; they are nearly equal size and resemble the same teeth the 
little South American deer Coassus. 

The canine incisor form and function and closely appressed i3. 

The first premolar, isolated long diastema front and behind it; 
caniniform shape and minute, conical and one-rooted vestige, the canine the 
upper jaw. Evidently, these teeth are the vestigial remains functional teeth such 
are seen Hypertragulus. The peculiar arrangement which the tusks consist 
the upper canine and the first lower premolar, while the lower canine has become incisiform, 
has been already discussed connection with the genus last named. The succeeding 
premolars increase size and complexity from the second the fourth; much the 
smallest the series. From the outer side the three teeth have very similar appearance, 
except size; they are composed high, compressed and very sharp-pointed cone, with 
acute anterior and posterior basal cusps, but, the lingual side, there are marked differ- 
ences. there thin crest which runs back from the median apex the tooth 
and parallel with its external wall, enclosing deep valley with the latter. The lingual 
face has two open valleys, the anterior one much better marked than the posterior. 
the same structure may observed, but less developed and incipient state. 

The molars are the common selenodont pattern; they have been held resemble 
those Tragulus,? but the resemblance chiefly matter their very small size and 
somewhat primitive form. They are not narrow and compressed Hypertragulus 
and are lower-crowned than that genus; the talon relatively large and consists 
two distinct cusps, which the external one the larger and separated from the 
inner one deep cleft. 

The Milk Dentition incompletely known and what has been ascertained seems 
particular significance. The last upper milk-premolar dp4 position, but 
the number deciduous teeth actually present still uncertain; this tooth molariform, 
but very small and the mesostyle and internal pillar are but slightly developed. Dp3 


Leidy, J.: Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, pp. 169-70. 
Scott, B.: Journ. Morphology, Vol. 359. 
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has three external cusps line, the anterior one which very long, compressed and 
trenchant; addition, there postero-internal cusp crescentic shape, from which 
faintly marked ridge runs forward. the lower jaw, dp3 very much like the permanent 
premolar, p3, which succeeds it. The last milk-tooth, dp4, has the characteristically 
artiodactyl form three pairs cusps, crescentic, all ruminants; the anterior pair 
are small and resemble the talon m3. 

comparison with the dentition Hypertragulus, that is, the 
whole, distinctly more specialized, though retains some more primitive features. The 
peculiar fang-like teeth, the upper canine and first lower premolar, which, Hypertragulus, 
are conspicuous and were evidently functional importance, are completely vestigial 
Leptomeryx and can have been service the living animal; perhaps they were not 
even visible above the gum. The premolars the latter are reduced the loss 
and the other superior ones are complicated the development internal cusps, deutero- 
cones, and while, Hypertragulus, the teeth are simply trenchant and have 
inner cusps. The lower premolars also are more complicated and modified; not only 
vestigial and reduced size, but and have basal cusps and inner valleys. The 
molars are broader and more brachyodont, but the upper ones they are complicated 
pillar between the internal crescents, and the external ribs and styles are more prominent. 
There less difference the lower molars, aside from the more brachyodont teeth 

SKULL 


Good skulls this genus are rare; not only are the fossils usually crushed, but even 
those which are free from distortion have, for the most part, suffered from the the 
rostrum, which broken off near the infraorbital foramen, the otherwise fine 
skull figured Leidy (Pl. XIV, Figs. 1-3). The discovery the long, slender and fragile 
rostrum, with the correspondingly elongate mandible, has revealed unexpected shape 
skull and shown have much less traguline and more llama-like appearance than 
had been supposed. all the numerous skulls that have been made available for these 
studies, three are particularly complete and uncrushed; one the museum Princeton 
University and two that the State School Mines Rapid City; the latter, though 
very slightly crushed, are made even more complete the retention the alveolar processes 
the premaxillae, which the Princeton specimen has lost. Both and 
Hypertragulus, the finding skulls with nearly quite complete rostrum has brought 
out strong resemblance the Tylopoda and especially the llamas, Riitimeyer long 
ago suggested. following Dr. Leidy’s example first describing the different views 
the skull, the modifications caused the discovery the nearly perfect specimens are 
best made clear. 

Lateral View LVI, fig. 1). The skull long, narrow and low, with cranial 
region considerably exceeding the facial length; the orbits, are relatively somewhat 
smaller than Moschus, the skull which Leidy uses for comparison, and are not always 
completely closed behind, short interval, some skulls, remaining between the long 
postorbital processes frontal and jugal. The orbits are set high the face, the supra- 
orbital cover rising slightly above the level the forehead, but not nearly much 
Hypertragulus. The occiput low and the upper contour the skull curves regularly 
upward and forward point just behind the orbits and thence slopes downward very 
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gently the anterior end the nasals. The curvature the cranial roof much more 
decided Leidy’s specimen than the two individuals which form the principal subject 
this description; the latter also the zygomatic arch lighter and more slender than 
the former. The antorbital vacuity, though not very large, conspicuous feature 
and sometimes lozenge-shaped, sometimes elongate oval. The rostrum long and 
slender, much more elongate than Hypertragulus, and its apparent length increased 
the long edentulous space front p2. The discovery these complete skulls 
changes the whole picture which had been made conjectural restoration and shows 
likeness the immature skull Poébrotherium which had not been observed. The 
mandible has high ascending ramus, which made broad the very prominent angle; 
the coronoid exceptionally high, very much more than Hypertragulus; the horizontal 
ramus compressed and slender and the symphysis long and nearly procumbent. 

Top View LVI, fig. Conspicuous features the dorsal aspect this skull 
are the relatively capacious brain case, the sagittal crest, which low and thin, but much 
longer than Hypertragulus, that the temporal ridges, which are much better defined 
than the latter genus, diverge more gradually and enclose narrower forehead. The 
cranium not brachycephalic Hypertragulus. The orbits are conspicuously larger 
than Hypertragulus and are very prominent, projecting widely out from the sides the 
cranium, and are oblique, inclining downward and outward, that the entire periphery 
visible from above. The temporal opening very much larger than Hypertragulus. 
the dorsal view the rostrum has different shape from that the genus last named 
being longer, broader and narrowing forward more gradually with less abrupt constriction 
front the cheek-tooth series. 

Base View. The basal axis the cranium relatively wide and flat and the tympanic 
bullae, though small, are yet considerably larger than Hypertragulus; each separated 
from the basioccipital reniform vacuity, which exposes part the periotic. This 
conspicuous difference from Hypertragulus, which the bullae are close the basioccipital 
and separated from only the problematical bony slips described under the head 
that genus. The posterior nares are broader and the palatal notches shallower than 
the latter. The bony palate relatively broader and less concave and the two tooth-rows 
converge less forward; the edentulous portion the hard palate the limits the soft 
tissue are plainly indicated raised lines, which are not present Hypertragulus. Another 
difference from that genus that the anterior expansion the rostrum, the line the 
canines, less marked. 

Posterior View. the skull which shown the plate, No. 12,962 Princeton Univ. 
Mus., the occiput somewhat different from that figured Leidy, though the difference 
probably individual rather than specific. description follows: ‘‘The inion 
triangular, the Musks; proportionally wider and lower than these, but not 
prominent posteriorly. With the exception the comparatively acute condition its 
summit, resembles more that the Deer inits appearance. From the median prominence 
inclines each side obliquely outward the lateral acute borders separating from 
the temporal fossae. 

occipital foramen and condyles nearly resemble those the Musks their 
form, proportions and relation, and the same the case with the paramastoid 
(p. 167). 
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the Princeton skull the sagittal crest much more prominent than Leidy’s 
specimen and its projection gives more decidedly triangular shape the inion, presumably 
sexual character. Leidy’s figure also shows median keel and, each side that, 
shallow fossa bounded externally shorter ridge. the Princeton skull (No. 12,962) 
the median keel and lateral ridges are wanting and the fossae are dorsal only and lie near 
the occipital crest. Compared with the occiput Hypertragulus, that 
much broader and lower, especially Leidy’s specimen, and the sagittal crest more 
prominent rear-view; the condyles are larger and the foramen magnum different 
shape, its dorsal border being angulate instead straight. 

Shape and connections the skull-bones. The basioccipital long, broad posteriorly 
and narrowing forward, slightly convex transversely and with shallow median groove 
the ventral face; the sides the bone are concave, made the narrow fossae which 
separate from the tympanic bullae. Hypertragulus these fossae are filled the thin 
bony slips, which are, perhaps, processes the periotics. the bony slip 
absent and the periotic narrowly exposed the top the fossa. The exoccipitals are 
high and narrow and are largely excluded from the crest the mastoid, which exposed 
the occipital surface, instead the side, Hypertragulus; near the crest the 
surface the mastoid depressed deep pit elongate, narrowly oval shape. The 
supraoccipital unusually large and forms appreciable share the roof and sides 
the brain-case; its suture with the exoccipitals not displayed any the skulls before 
me, though some them are adolescent. 

The basisphenoid relatively broad; the alisphenoid almost horizontal and has 
ridge, angulation, from which process extends dorsally and bounds the anterior 
border the temporo-sphenoidal lobe the cerebrum, the two orbitosphenoids form 
thin and fragile plate, perforated the confluent optic foramina. 

The tympanic bullae are small, though relatively larger than Hypertragulus, and 
similar character the latter, being hollow, without any filling cancellous bone, 
and having the long axis antero-posteriorly directed; the meatus auditorius shorter 
proportionally, because the larger bulla. The postero-external angle the bulla has 
wide and shallow groove for the stylo-hyal. The bony slip, perhaps process the 
periotic, which Hypertragalus wedged in, were, between bulla and basioccipital, 
not visible Leptomeryx. conspicuous difference from Hypertragulus seen the 
separation the bullae from the basioccipital elongate, curved, open fossae. 
Poébrotherium the auditory bullae are more Hypisodus, but are relatively smaller 
and filled with cancellous bone, nearly all the Camelidae. 

The parietals are very long and form almost the whole cranial roof, but they are 
relatively narrow, because the encroachment the squamosals, front which they 
send processes meet the ali- and orbitosphenoids. The sagittal crest varies length, 
but always low and weak, and short, though relatively longer than Hypertragulus 
Hypisodus. the parietals receive the frontals broad, shallow emargination, 
which makes the coronal suture less directly transverse than Hypertragulus, 
which the frontals have slightly convex posterior border. 

The squamosal large and forms most the side-wall the cranial cavity; the 
process does not extend far forward, terminating behind the postorbital 
process the jugal and, therefore, forming part the orbital boundary. Hyper- 
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tragulus the minute inferior postorbital process angulation the zygomatic process, 
which extends beneath the orbit. The glenoid cavity Leidy’s description follows: 
fore part nearly straight transversely and inclines slightly outward from its inner 
extremity and slopes convexly backward and outward into comparatively deep concavity, 
bounded behind postglenoid tubercle proportionately stronger than the deer.”’ 


The post-tympanic process short and thin and applied closely against the tubular 
meatus. 


The jugal pursues nearly straight course and is, proportionately, very large bone 


with especially broad suborbital portion, which has concave masseteric surface; this 
suborbital portion conspicuously wider than Hypertragulus; the crest 
faintly marked. The postorbital process long and, some individuals least, 
overlaps the corresponding process the frontal, completely encircling the orbit behind. 
the skull figured Leidy the two processes not quite meet and, doubt, there 
individual variation this respect. The lachrymal largely expanded the face and 
much the same Hypertragulus size and connections, articulating with jugal, 
maxillary and frontal, but separated from the nasal the ant-orbital vacuity, which 
larger and more oval than the last named genus, and the spine even lower and blunter; 
the foramen large and single and placed within the orbit. 

The frontals are large and nearly plane, though made slightly concave the raised 
orbital rims, which project little above the level the forehead. These bones not 


differ greatly from those Hypertragulus, but the supraorbital foramina are larger and. 


much more conspicuous and have short vascular grooves extending forward from them. 
The nasal suture entirely different from that calcaratus, the nasals not emargi- 
nate the frontals, which have nasal processes, and the suture sinuous transverse 
line. The nasals are long and narrow and decidedly convex from side side, though 
broader and less convex than Hypertragulus, nor they have the appear- 
ance along the maxillary suture which characterizes the latter, especially the John Day 
species, hesperius. The anterior ends the nasals are quite different from those which 
are found calcaratus, which, previously noted, these bones are notched the 
free end, with short median and long and very delicate lateral processes. Leptomeryx 
the nasals end simply bluntly rounded points. 

The are rarely preserved and are best shown one ‘of the Rapid City 
skulls, which was employed complete the drawing the fine Princeton skull, No. 12,962 
(Pl. LVI, fig. 1), the latter the ascending rami are preserved, but the horizontal 
have been lost. the figure shows, the palatal and alveolar portions are much like those 
Hypertragulus and the Pecora form, but differ from the latter having three sockets 
for vestigial incisors two which, one specimen, are present the alveoli, minute 
remnants, which not project below the level the bone and must have been covered 
over soft tissue the living animal. The spines are relatively long and divide the 
narrow and elongate incisive foramina. The ascending ramus comparatively broad 
band bone, almost uniform width, which curves around the anterior nares and articu- 
lates with the nasal. Hypertragulus this part the premaxilla similar, but much 
narrower. 

correspondence with the elongate the decidedly more prolonged 
front the orbit and the facial portion higher dorso-ventrally than Hypertragulus. 
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The alveolar process low and can hardly said form the floor the orbit, for 
slopes steeply downward and backward and ends half-way the hinder side the orbit. 
The palatine processes are very long antero-posteriorly and form the greater part the 
hard palate; the two tooth rows are gently curved, which makes the palate widest the 
line narrowing forward. 

The posterior nares are situated far back and, for some distance behind the last molars, 
the floor the canal formed the united palatines, Tragulus, but the lateral 
palatal notches are shallower and wider than that genus; the pterygoids not extend 
far back and are more widely separated from the tympanic bullae. 

The mandible very peculiar, especially for the great breadth the ascending ramus; 
the angle produced very far behind the condyle, Poébrotherium, but with the differ- 


ence that there such concave emargination the dorsal border the latter, 


gives the angle its characteristic hook-like shape, generally found among the Camelidae. 
Another exceptional feature the disproportionate size the coronoid process, which 
several times large Hypertragulus and even larger, relatively, than 
not only rises very high above the condyle, but also remarkably broad and its free 
The size and shape the coronoid are among the most striking differences 
Leptomeryx from Hypertragulus. The horizontal ramus long, slender and dorso- 
ventrally shallow and has nearly straight ventral border; the symphysis relatively 
long and its dorsal borders are erect, not everted. The masseteric fossa small and 
deeply impressed and has elevated position, Poébrotherium. 

The cranial foramina, are, the whole, most like those the tragulines, but there 
are important differences and the resemblances not appear particularly significant, 
but rather conditioned the retention primitive characters and the very 
small size the animals concerned. 

The confluent optic foramina, which perforate the very thin interorbital septum, are 
situated far forward; the foramen lacerum anterius relatively small and the foramen 
rotundum separate and placed close the foramen ovale. Owing the small size 
the auditory bulla, the foramina around are different from those seen the chevrotains, 
the foramina lacerum medium and posterius being larger and the carotid canal not grooving 
the side the bulla. The post-glenoid, stylo-mastoid and condylar foramina are not 
unusual and, least, one large venous foramen opens the parietal near the sagittal 
crest. The foramina the anterior part the orbit are much Tragulus, resemblance 
which appears due the very small size the skull and the low alveolar parapet 
the maxillary, which makes the floor the orbit without encroaching upon it. The 
infraorbital canal placed very low down and above p2; its posterior opening within the 
orbit double. The lachrymal foramen much elevated. 


VERTEBRAE, AND STERNUM 


Mr. Riggs writes me, the vertebral formula displayed the fine articulated skeletons 
the Field Museum, Chicago, is: C7, D13, L7, This confirmed skeletons, 
with the backbone place, recently received and numbered 38,910, the American 
Museum and, far can determined from photograph, the skeleton mounted 
the Rapid City Museum. The formula, except for the tail, the same the super- 
family Oreodontoidea and has not yet been observed any other artiodactyls, though 
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probable that the primitive families the Eocene will prove have the same 


even larger number. the complete and articulated skeleton, the neck short, the trunk 


long, especially the lumbar region, and the tail very short. Owing the unequal lengths 
fore and hind limbs, the latter being much longer, the spinal column curved down- 
ward from the rump the withers, which the principal feature resemblance the 
traguline skeleton. 

The atlas short antero-posteriorly, broad transversely, though the transverse 
processes are only moderate extent and very different shape from the Pecoran type, 
being produced but slightly behind the inferior arch; the neural spine inconspicuous 
tubercle. 

The has broad, much depressed and slightly opisthocoelous centrum; the 
convex surfaces for the posterior cotyles the atlas rise higher the sides the neural 
canal than Tragulus. The odontoid process short and peg-like, differing much from 
that Hypertragulus, which refer the small, isolated axis the Cope collection 
(A.M.N.H.). The latter has what may called the White River type ungulate odontoid 
and repeated many genera different families; Merycoidodon, Agriochoerus, Proto- 
ceras, Poébrotherium and Mesohippus are examples. all these and some other genera, 
the odontoid transitional between the primitive, conical form, which still retained 
the Suina and Tragulina, and the spout-like shape, which characteristic modern 
Tylopoda and Pecora. this transitional shape, the odontoid broad, flat the dorsal 
side and convex the ventral, with rounded anterior edge. The transverse processes 
the axis are very short and slender, directed obliquely backward and perfo- 
rated the base. The neural spine very thin, but relatively large, hatchet-like plate, 
the dorsal border which curves very gently downward and forward and the posterior 
margin which almost vertical, that the spine projects hardly all over the third 
vertebra. This spine very different from that and more like that 
Merycoidodon. 

The third cervical has rather elongate, slightly opisthocoelous centrum, with faintly 
marked ventral keel and low ridge for neural spine. The fourth vertebra somewhat 
shorter than the third and has more distinct ventral keel, which ends behind tubercle; 


the neural spine short and slender. The vertebra like the fourth, except that the 


centrum not keeled and the spine considerably higher. the sizth cervical the spine 
still higher and the transverse processes have large pleurapophysial plates, inferior 
lamellae. The seventh vertebra decidedly the shortest the neck and has, like the 
others, depressed opisthocoelous centrum; the neural spine very much stouter than 
those the preceding vertebrae. 

The anterior dorsals have small centra and short, simple transverse processes, termi- 
nating facets for the rib tubercles; the short, stout spines incline strongly back- 
ward. Posteriorly, the dorsals display the usual progressive modification; the centra are 


gradually elongated with rather sudden change from the 9th the 10th. The 


become shorter and broader, with less backward inclination. The 13th dorsal has broad, 
erect spine and appears the anticlinal vertebra. processes continue 
prominent and have facets for the rib-tubercles least far back the 11th dorsal; 


zygapophyses the lumbar type, with prominent metapophyses, appear the same 
vertebra. 
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There are seven which have elongate, rather slender and depressed centra, 
which are nearly uniform length, from the 12th dorsal the 6th lumbar; the 7th 
distinctly shorter. The lumbars have rather low and narrow with forward 
inclination and prominent metapophyses, which diminish posteriorly. The transverse 
processes are very short the and 2nd vertebrae and the others are much longer, 
but remain narrow and weak and have forward curvature. 

The sacrum consists four vertebrae, only the first which supports the ilia; behind 
that, the sacrum contracts suddenly and becomes very narrow for the attachment the tail. 

The caudal vertebrae are rarely preserved; one the Field Museum skeletons has four 
caudals position and the Rapid City specimen seems have seven eight; these are 
sufficient show that, the living animal, the tail must have been very short and slender. 

The ribs. The pairs ribs differ considerably various parts the thorax; 
the first rib is, usual, short and nearly straight, slender proximally, but broadening 
the neck short and the tubercle very prominent. The second rib considerably 
longer, broader and more curved than the first. length, the progressively 
the 9th, but the 3rd and 4th have the greatest distal expansion; the 3rd has curious 
paddle-like shape, slender and rounded above and becoming broad and flat below. The 
posterior pairs, 10th 13th, are very slender. 

The sternum is, part, preserved the Princeton skeleton, No. 13,524, and this may 
complete, but the manubrium concealed the right fore leg and the 5th mesosternal 
segment There reason suppose that the manubrium was essentially 
different from that Hypertragulus. The mesosternum, existing ruminants, consists 
five segments, which are not especially ruminant suilline character. The segments 
are narrower and more elongate than the Pecora and the lateral borders are slightly 
concave, not emarginate notched. The first segment broadens posteriorly, the hinder 
end being considerably wider than the forward one; the second segment has similar 
shape, but larger and broadens posteriorly more. Segments and are more uniform 
breadth and their sides are nearly straight. The xiphisternum much more ruminant 
than suilline shape and like that Hypertragulus, but has straighter sides and widens 
slightly toward the end. 


PECTORAL GIRDLE AND 


The scapula is, general, much like that Hypertragulus, but differs several 
respects. The blade narrow and proximo-distally elongate and, shape, resembles that 
Tragulus; the neck very narrow and proximo-distally elongate, but broadening 
form the glenoid cavity, which relatively small. There definite coraco-scapular 
notch, but the glenoid border concave along the neck, above which pursues straight 
course nearly the suprascapular border, into which curves; the glenoid border also 
straight down the neck, where becomes moderately concave. The prominent spine 
has very anterior position making the prespinous fossa very narrow. The spine extends 
nearly the glenoid cavity, ending prominent, pointed and overhanging acromion. 
The coracoid small, slender and strongly incurved. 

the following particulars the scapula differs from that Hyper- 
tragulus: (1) the blade narrower and longer; (2) the prespinous fossa narrower, es- 
pecially the neck; (3) the distal end the acromion not thickened rugose; (4) the 
coracoid small, slender and incurved. 
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Attention has several times been directed the Tragulus-like disproportion between 
the fore and hind legs disproportion which not found any other 
known member the family. All the bones the fore limb and foot are short com- 
parison with those the hinder extremity. 

The humerus comparatively stout; the head large and heavy and the external 
tuberosity very large, rising high above the head, but not overhanging the bicipital 
groove, which shallow, because the internal tuberosity, though massive, not prominent. 
The proximal portion the shaft thick antero-posteriorly, contracting the cylindrical 
form about half-way the distal end, where broadens the ordinary way; faintly 
marked linea aspera indicates the insertion the deltoid and other shoulder muscles. 
the distal end, there small, rugose external epicondyle and very short supinator 
ridge. The trochlea oblique the axis the shaft and asymmetrical because the 
larger size the inner portion the hour glass shaped surface, which broader and its 
proximo-distal diameter much greater; near the outer border prominent intercondylar 
ridge that notches the dorsal side the radial head. The shape this trochlea much 
more than Leptauchenia and other small oreodonts. 

One the very few respects which Leptomeryz less modernized than Hypertragulus 
that the fore-arm bones, which the latter are ankylosed, are always separate. The 
radius, which nearly the same length the humerus and much shorter than the tibia, 
has slightly expanded head, which covers the whole width the humeral trochlea, the 
surface for which, though continuous, three parts, broad internal one, narrow 
median one, separated the groove for the intercondylar ridge from the very narrow 
external one. The shaft relatively broad and thin antero-posteriorly, uniform width 
except for the slightly expanded ends, and gently bowed forward, but seeming straight 
front-view. The distal end bears facets for the scaphoid and lunar, but has contact 
with the pyramidal. 

Manus. Cope! was the first describe the fore foot Leptomeryx and emphasize 
the extraordinary difference between manus and pes which characterizes the genus and 
expressed the opinion that other artiodactyl was such discrepancy found. 
that period the feet Hypertragulus were not known, but that genus the difference 
between fore and hind feet almost equally great, though different kind, set 
forth detail elsewhere. 

the American Museum are seven Leptomeryx skeletons continuous slab 
matrix, which the comprehensive number 38,910 has been given. Associated with one 
these skeletons remarkably perfect fore foot the left side, which lacks only the 
ungual phalanx the fifth digit and the trapezium, assuming that that carpal element was 
originally present, which there evidence. 

The carpus relatively high proximo-distally and narrow transversely; this corre- 
lated with the reduction the lateral digits, which, though complete with phalanges and 
hoofs, must have been useless dew-claws. The scaphoid much the largest the proximal 
row carpals and equals, even exceeds, the unciform bulk; the dorsal face the bone 
relatively narrow, but the dorso-palmar thickness comparatively great; the proximal 
end has saddle-shaped surface for the radius. Laterally, the scaphoid articulates with 
the lunar and distally with the trapezo-magnum, but facet for the trapezium 
discernible. 


Proc. Amer. Assoc. Adv. Sci., 1884, 482. 
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The lunar broad proximally, narrowing very much distally; the radial side are 
two facets, proximal and distal, for the scaphoid, the proximal end shaped much 
the Pecora, but the distal end very different appearance, having shifted 


toward the ulnar side and resting entirely upon the unciform and, dorsally least, having 


only lateral contact with the magnum, traguline character upon which Cope laid 
much stress. 

The pyramidal very small and not contact with the radius; the proximal facet 
for the ulna carried far down and excavates the bone, that the proximo-distal 
diameter twice great the radial the ulnar side; the palmar side there 
small facet for the pisiform. Distally, the pyramidal rests upon the unciform means 
concave facet. 

The pisiform, which rarely preserved, relatively large; the contracted proximal 
end has nearly equal facets for the ulna and pyramidal and there short, narrow neck, 
expanding into very broad free end. 

have seen example the trapezium any the available fore feet and 
impelled believe that this element has been suppressed; improbably the latter 
was altogether wrote nearly fifty years Trapezoid and magnum 
have coalesced and the compound bone remarkably low, proximo-distally short; its 
proximal end has concave surface for the and the head the magnum, which 
greatly reduced and extremely narrow, seems not extend all beneath the lunar. 
Nearly the whole distal end occupied the facet for the third metacarpal, the minute 
surface for the second being relegated the radio-palmar angle the trapezoid, where 
projects downward and cuts off from any contact with the magnum. 

The unciform is, except the scaphoid, the largest the carpals and both broad and 
high, the proximo-distal diameter much exceeding that the compound trapezo-magnum; 
the proximal end unequally divided between the narrower surface for the lunar and 
broader one for the pyramidal; the radial side almost entirely covered the magnum, 
leaving only extremely small surface for the ulnar projection from the head III. 
the distal end, nearly the whole breadth taken the facet for mc. IV, while that for 
me. minute. 

The metacarpus comprises four members, arranged perfectly paraxonic symmetry, 
whereas Hypertragulus this symmetry imperfectly approximated and the much reduced, 
though complete, pollex retained. the manus tetradactyl and the digits 
form two symmetrical pairs, the much stouter median and very slender lateral pairs. 
The second metacarpal much shorter than the third and very much more slender; the 
head wider than the shaft and articulates only with the trapezoid, not sending out 
ulnar process abut against the magnum. The trihedral shaft slightly curved, 
gently concave the radial side, convex the ulnar, and broadens slightly 
the distal end; the very small trochlea hemispherical and unguiculate-like appearance. 

The third metacarpal very much stouter than me. II, though slender proportion 
its length, which very much less than that the corresponding metatarsal; the head 
slightly expanded and, very small process, overlaps the head and reaches 
the unciform and, the radial side, articulates laterally with the trapezoid part the 
compound bone, but does not extend over the head me. II. The shaft straight and 


FAUNA THE WHITE RIVER OLIGOCENE 


transversely oval section; from the proximal end narrows downward about the 
middle its length and thence widens very gradually the distal end; the trochlea 
the primitive hemispherical form. Mc. slightly shorter than me. III and has 
lateral carpal connections, but otherwise the counterpart me. III, the fifth meta- 
carpal the second. 

The phalanges, wrote 1891, not differ appreciably from those 
but the likeness due more the similarly small size both animals than any close 
relationship. The phalanges the proximal row are slender and elongate and narrow 
much the distal end, which has shallow groove, reflected for very short distance 
the dorsal side. second phalanx very much shorter than the first, but slightly 
more than half long, fact, but they are similar shape. The are very small 
and deer-like shape, being trihedral, narrow and sharp-pointed. 


GIRDLE AND PEs. 


Several examples the pelvis are preserved with the skeletons the American 
Museum (No. shape, the innominatum has considerable resemblance that 
the merycoidodonts, especially Leptauchenia, but relatively more elongate. The 
neck the ilium much longer proportionally than Merycoidodon and expands more 
gradually into the anterior plate, which similarly shaped; the pectineal process very 
small, almost obsolete. The dorsal border concave and continues into that the 
ischium, which has not the convexity above and behind the acetabulum marked the 
latter. The ischium also relatively longer, but similar shape; the tuberosity re- 
markably prominent and slender, blunt-pointed cone, unlike that seen any the 
oreodonts, and the ischium extends farther behind the tuberosity than the latter. The 
anterior branch the pubis slender and depressed; the symphysis the united pubes 
and ischia very long, are also the obturator foramina, which are narrow ovals. 

The femur, like all the other bones the hind leg and foot, very long, relatively 
much more elongate than Hypertragulus, and has more the proportions displayed 
Tragulus, from which, however, the bone differs much the details structure. The 
head smaller and set upon longer and more constricted neck; the great trochanter 
more massive and rises higher above the head and the bony bridge connecting trochanter 
and head narrower, the digital fossa much deeper and the second trochanter heavier 
and more prominent. The shaft long and slender and moderately bowed forward; 
nearly form, with very slight flattening the posterior side, and almost 
uniform diameter, broadening gently the extremities and also thickening the distal 
end. end more traguline character than the proximal part the bone; the 
rotular groove long, broad and shallow, with inner margin somewhat more prominent. 
The popliteal plane distinctly defined and above the external condyle the attachment 
the plantaris muscle sometimes pit, other cases rugosity. The condyles, which 
have almost equal prominence, project but little posteriorly and are rather widely separated 
the intercondylar space and small fabellae are attached their proximal faces. 

There much difference the character the femur between Hypertragulus and 
Leptomeryx. the latter: (1) the head smaller and the neck longer and more con- 
stricted; (2) the great trochanter larger and more prominent; (3) the second trochanter 
farther below the head, making longer intertrochanteric ridge; (4) the shaft much 
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longer, more slender and more arched forward, and the linea aspera externa much less 
but the popliteal plane better defined; (5) the rotular trochlea broader and 
shallower; (6) the condyles have greater antero-posterior extension. 

The patella long and narrow, and ends distally blunt point; the proximal portion 
thick and rugose, the distal part much thinner; differs decidedly from that Hyper- 
tragulus, which the kneecap narrower, less almond-shaped and more nearly uniform 
width. 

Tibia and fibula have the relations which recur all living Pecora and Tylopoda, 
the proximal ends co-ossified, the distal ends separate, whereas Hypertragulus and 
Hypisodus, both ends are ankylosed. The tibia the longest the limb-bones; the 
skeleton rather small individual the ratios are: humerus—79; radius—76; tibia—122; 
its proportional length nearly the same and, that genus, the whole 
hinder leg and foot much exceed the anterior extremity length. Consequently, the 
rump was higher than the withers. This disproportion decidedly greater Leptomeryx 
than Hypertragulus Hypisodus, which fore and hind limbs are nearly equal 
length. The traguline resemblance which has attracted the attention many observers, 
is, thus, confined and not characteristic the family, whole. 

The proximal end the tibia expanded and, the outer side, overhanging; 
the two condyles are nearly the same breadth, but differ shape, the inner one being 
decidedly more concave; the spine low and bifid and its two parts are widely separated. 
The proximal end the cnemial crest heavy and rugose for the insertion the patellar 
ligament; between this rugosity and the outer condyle deep sulcus for the tendon 
the extensor longus digitorum. The crest short proximo-distally and dies away gradually 
upon the shaft. 

The shaft the tibia remarkably long and slender and has distinct lateral curva- 
ture, with concavity outward; the proximal portion the usual trihedral shape, becoming 
below, then broadening the distal end, which has flattened anterior and 
posterior faces. The distal end has two deeply impressed concavities for the astragalus, 
with prominent intercondylar ridge between them, which forms long tongue the 
dorsal side. The inner concavity narrower and deeper than that the fibular side; 
the internal malleolus relatively long and stout, but confined the dorsal border. 
External the outer astragalar facet, the distal end, narrow articular surface, 
which evidently rested upon the malleolar bone; above this articular surface, the fibular 
side the tibia grooved receive the remnant the fibular shaft. 

The fibula reduced its lowest terms and resembles that the existing Pecora 
and Tylopoda; the proximal end short and pointed spine, which (usually, apparently 
not always) united with the tibia; most the shaft has been suppressed and the distal 
end malleolar bone, upon which the tibia rests and which is, were, wedged 
between tibia and caleaneum. before noted, Hypertragulus and Hypisodus, the distal 
end tibia and fibula are co-ossified and the shaft greatly reduced; interrupted the 
latter, continuous, bony thread the former, which thus agrees with the structure 
the Tragulina. Flower says: ‘‘In the Tragulina the fibula long and slender, and 
complete, but its lower end indistinguishably blended with the 

The Pes very remarkable; more than fifty years ago, Cope pointed out that 
known artiodactyl there such contrast size and degree specialization between 
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manus and pes, there still remains true, though, Hypertragulus 
also, the difference great, but neither the latter, nor any other known genus the 
entire superfamily the hind foot modernized Leptomeryx. The 
more Pecoran than Tylopodan character, appears the ankylosis the cuboid with 
the navicular and the meso- with the ecto-cuneiform; from that the Tragulina 
differs the separateness the compound cuneiform from the cubo-navicular, while 
the Camelidae the cuboid and navicular remain separated and Recent genera, least, 
there entocuneiform. 


Fig. 126. Leptomeryx evansi. left astragalus; left pes, tibial side; left tibia, prox. end. The 
division the vestigial mt. abnormal. Figures about twice nat. size. Princeton Mus. 


The astragalus narrow and proximo-distally elongate; the proximal trochlea for the 
tibia deeply and symmetrically grooved, though the external condyle little broader 
and more prominent than the internal one; the intercondylar groove ends distally 
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small circular pit, into which the intercondylar tongue the tibia fitted extreme flexion 
the pes upon the lower leg. The facet the plantar side for the sustentaculum the 
very prominent and this gives relatively large dorso-plantar diameter 
the astragalus. The sustentacular facet is, usual, convex proximo-distally and has 
shallow, median, longitudinal groove. The distal trochlea peculiar consisting 
three distinct, though continuous, parts; the tibial side prominent ridge, convex 
both directions; the fibular side broader, transversely plane surface for the cuboid 
and, between them, well-defined groove. 

The calcaneum has compressed tuber, which rather elongate and thickened and 
rugose the free end; the tendinal sulcus inconspicuous and confined the plantar 
side. The fibular facet very prominent, but very short proximo-distally. The narrow, 
distal portion the caleaneum, which articulates with the cuboid, not especially char- 
acteristic. The sustentaculum large and projects prominently toward the tibial side; 
its plantar surface concave, with prominent free border. 

Cuboid and navicular are ankylosed, all existing Pecora and Tragulina, but not 
Recent Camelidae, all which these bones remain separate. Both elements the 
compound bone, especially the cuboid, have notably greater proximo-distal extension 
than the Pecora; otherwise, they are very similar; the plantar hooks both elements are 
greatly reduced and functionless. The proximal end this compound tarsal is, course, 
modified fit the unusual shape the distal astragalar pulley. The facet the navicular 
narrow and groove-like, with plantar border raised much above the dorsal. the 
cuboid the facet broader, less concave and less extended planto-dorsally. the line 
junction between the two elements raised ridge. 

all modern ruminants, the ecto- and mesocuneiforms have coalesced and the 
compound bone, formed, much the Deer, though little longer. The ento- 
cuneiform narrow and scale-like vestige, which appears have had function, though 
may have served strengthen the tarso-metatarsal joint. The proximal end narrow, 
convex head, which fits into the concavity the distal face the navicular its planto- 
tibial angle; dorsally, contact with the compound cuneiform and, distally, bears 
facet for the vestigial second metatarsal, which co-ossified with the cannon-bone and 
forms part it. known Pecora, the ento-cuneiform retained similar vestigial 
form, but all modern Tylopoda has been lost. 

The metatarsus cannon-bone, which formed the co-ossification mt. III 
and and the proximal splints mt. specimens suitable age, the outlines 
these splints are perfectly plain, but tend disappear old animals. The functional 
metatarsals are much longer than the corresponding metacarpals, the ratio 
While completely ankylosed, mt. III and are clearly demarcated deep grooves 
the dorsal and plantar faces, that the dorsal side narrower and deeper. From the 
plantar side the head are given off two processes, homologous with those which artio- 
dactyls with unreduced pes, engage the plantar hooks navicular and cuboid, but, 
Leptomeryx, both hooks and metatarsal processes are too short meet. 

Distally, the two metatarsals diverge, those specimens which are free from dis- 
torting compression, very suggestively tylopodan fashion, though the divergence 
less than those the Camelidae which possess cannon-bone. Leptomeryx the 
divergence best seen from the plantar side. The distal trochleae are more hemispherical, 
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less semicylindrical than those the manus and the plantar carinae are even more 


prominent. 


The phalanges resemble those the manus, except being very much larger. 
Species. Several supposed species this genus have been named, but only one 


them, Leidy, all well established. 


Leptomeryx evansi Leidy 
Leptomeryx Evansi Leidy: Proc. Acad. Nat. Sci. Philad., Vol. VII, 394, 1853. 


this the only well-known White River species the genus, has been employed 


making the generic description; considerably smaller than some the fossils which 
have been referred but much larger than Hypertragulus calcaratus. Several 
almost complete skeletons have been found and are displayed the various museums; 
most remarkable these group some twenty individuals, one slab, which was 
collected Mr. Riggs and exhibited the Field Museum. Only less remarkable 
group some seven skeletons collected Mr. Albert Thompson, who preparing 
them for exhibition the American Museum; this writing (May 1939) the preparation 
not quite finished. fine specimen mounted the Museum Rapid City and 
that Princeton University the anterior half skeleton from which the lumbar and 
sacral vertebrae, pelvis and most the hinder extremity have been removed weathering; 
the remaining parts are exceptionally fine state preservation. The specimen was 
collected Professor Jepsen, Princeton. Thus all parts the skeleton, excepting 
only the caudals, are well-known, but detailed description has hitherto been published; 
for the opportunity this, under great obligations the museums Rapid 
City, Chicago and New York. 
The dimensions given the table below are taken from the remarkably perfect skull 
which shown Plate LVI (Princeton Mus. No. 12,962) and lacks only the alveolar 
portion the premaxillae. 
MEASUREMENTS 
Diastema, canine p2............... 19.7 mm. Lower premolar series, length......... 23.7 
Upper cheek-tooth series, PI, ant.-post. diameter.............. 
Upper premolar series, length.......... 17.5 ant.-post. diameter.............. 
transverse diameter............... P3, ant.-post. diameter.............. 6.5 
P3, ant.-post. diameter............... P3, transverse diameter.............. 3.5 
P3, transverse diameter............... P4, ant.-post. diameter.............. 
P4, ant.-post. diameter......... P4, transverse diameter.............. 
P4, transverse diameter............... 5.7 Lower molar series, length........... 
Upper molar series, length............ 18.5 ant.-post. diameter.............. 
M1, transverse diameter............... ant.-post. diameter.............. 
M2, ant.-post. diameter............... 6.5 transverse diameter............. 
M2, transverse diameter.............. M3, ant.-post. diameter.............. 
M3, ant.-post. diameter............... 6.5 M3, transverse 
transverse diameter.............. Skull, length med. bas. line (est.)... 
Diastema between canine and Cranium, length ant. bord. orb... 
Diastema between and p2.......... Face, length orbit prmx. (est.)...... 
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MEASUREMENTS (Continued) 


Lower cheek-tooth series, length....... Occiput, width over proc...... 
Occiput, height above Rostrum, width canine............ 
Cranium, width brain-case.......... Mandible, length angle alveoli..... 
Cranium, width postorb. Mandible, depth p2............... 
Cranium, width over orbits........... Mandible, depth m3.............. 
Orbit, ant.-post. diameter............. Mandible, width asc. ramus........ 
Orbit, dorso-vent. diameter............ Mandible, height condyle.......... 
Rostrum, width p2................ Mandible, height coronoid......... 


With the exception the partial skeleton the Princeton Museum, No. 13,624, 
and part the pes unusually large individual, P.U. No. 12,787, the measurements 
given below were taken from various specimens the American Museum. 

N.B. No. 38,910 (A.M.N.H.) comprises seven skeletons various sizes and 
different degrees preservation, there some discrepancy the dimensions, given, 
but they are too small significant (see tables measurements, pp. 555-6). 

Horizon: Brulé. 

Localities: Bad Lands So. Dak. Neb., Cedar Ck., Col. 

addition, Cope and Lambe have named several species from the Cypress 
Hills formation, Province Saskatchewan, but the material fragmentary that 
determination unsatisfactory. is, however, probable that one more these species 
will prove valid, because the long stratigraphic interval between the Cypress Hills 
and the Brulé the United States. present, not feasible more than list them. 


Leptomeryx mammifer Cope 
See Trigenicus mammifer. 


Leptomeryx esulcatus Cope 


Leptomeryx esulcatus Cope: Amer. Naturalist, Vol. 154, 1889. 
?Leptomeryx Matthew: Bull. Amer. Mus. Nat. Hist., Vol. XVI, 314, 1902. 


Leptomeryx? semicinctus Cope 


?Leptomeryx semicinctus Cope: loc. cit., 1889. 
Not Leptomeryx Matthew: loc. cit., 1902. 


Leptomeryx speciosus Lambe 


Leptomeryx speciosus Lambe: Contrib. Canad. Palaeont., Vol. III, Pt. IV, pp. 10, 31. 
1908. 


Heteromeryx Matthew 
(Plate LIX) 
Heteromeryx Matthew: Bull. Amer. Mus. Nat. Hist., Vol. 23, 1905. 


This genus nearly the dividing line between the Hypertragulidae and the Proto- 
ceratidae and there almost much reason refer one group the other. The 
original generic description follows (Cont. 556): 
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(Leptomeryx evansi) MEASUREMENTS (Cont. fr. 554) 


No. No. No. No. No. No. 
686a 1333 6782 38,910 13,624 


Backbone, measured around curves, skull sacrum. 365 
12, length 16.5 
Dorsal 13, length centrum...................... 
Lumbars 1-5, length centrum................... 
Lumbar length centrum...................... 
Digit II, phalanx prox. width.................... 
Digit III, phalanx prox. width................... 
Digit IV, phalanx prox. width................... 
Digit phalanx prox. width.................... 
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No. No. No. No. No. No. 
686a 1342 1333 6782 38,910 13,624 


Pelvis, width over isch. 
Pelvis, between 

12,787 
Digit III, phalanx prox. width................... 
Digit ungual, prox. 


Heteromeryx (Cont. fr. 554) 


gen. Skull rather short; orbit complete behind, situate over the posterior 
molars, muzzle elongate, nasals considerably reduced. Teeth very short-crowned, molars 
with heavy internal cingula and rudimentary mesostyle. Four premolars, the first small, 
simple, with long diastemata before and behind it, the others much 
Ulna with well-developed shaft co-ossified with radius along its entire length. Manus 
functionally tetradactyl, with four separate digits, Magnum and 
cuneiform (sic) fused. Distal end fibula distinct from tibia; shaft small vestigial 
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spine. Pes didactyl, with separate metatarsals, cuboid and navicular ecto- and 
mesocuneiforms fused. Ungual phalanges short and 

The type-specimen skull without mandible associated with parts fragmentary 
skeleton (A.M.N.H., No. 12,326). The skull has been crushed, flattened, fractured and 
almost comminuted, but, Matthew’s description shows, the essential characteristics 


may made out and, despite its sorry appearance, this fossil unusual interest, for, 


almost certainly, very near the direct ancestor Protoceras. The latter 
characteristic the upper Brulé, that its name used characterize one facies that 
substage, while the long antecedent occurs the middle Chadron. 


DENTITION 


Only the upper teeth are known and these the formula is: i?, p4, m3. The 
canine indicated and would seem have been stout fang. very small, styliform 
and simple; its slightly worn crown shows that was, some degree, useful; isolated 
diastemata before and behind it; the other cheek-teeth, are close set, con- 
tinuous series. much larger than and has two roots; the crown secant and 
compressed conical shape; complicated small inner ridge, which encloses short, 
oblique valley. still larger and, especially, broader, owing large deuterocone. 
has the usual selenodont pattern internal and external crescents, resembling half- 
molar; the buccal face concave and had the median rib and anterior and posterior styles. 
The molars are tetraselenodont and very low-crowned, like those Protoceras and most 
modern deer. the smallest the series and has oblique external wall, because 
the narrowness the posterior half the crown; the outer crescents have the vertical 
median rib the buccal face, with very small parastyle and neither meso- nor metastyle; 
the cingulum prominent the buccal side. The resemblance these teeth those 
Protoceras, the one hand, and those the other, obvious, though 
there are differences, especially from the latter. 


SKULL AND SKELETON 


Despite its shattered state, the skull reveals much interest; very like that 
Protoceras and even more like that Calops, for, like the latter, has none the horn-like 
protuberances the skull which characterize the former. well-known, the females 
lack the very large plate-like maxillary protuberances, which are conspicuous the 
males, and, though the frontal and parietal may present, they are very much 
smaller than the males. true that the type-skulls both Calops and 
may have belonged females, but, even so, they differ decidedly from the female Protoceras 
skull having trace frontal parietal protuberances all. Another marked 
difference from the skull Protoceras, both sexes, seen the much less abbrevi- 
ated nasals. These bones are shortened and the nasal incision carried back the line 
p3, but they are several times long Protoceras, male female. The anterior 
part the muzzle recalls that the perissodactyl genus Palaeotherium the European 
Eocene. 

The orbit completely closed behind and Matthew believed that there was small 
antorbital vacuity, but the skull shattered, that difficult make sure this. 

considerable part very fragmentary skeleton was found association with the 
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skull. The ulna and radius are ankylosed for their whole length and this compound element 
the only complete one the limb-bones. Trapezoid and magnum are also 
the manus has four complete and usable digits, the lateral pair very.slender; pollex 
indicated, but may have been present nevertheless. The pes appears have been 
functionally didactyl, but the condition the lateral digits not known. 


Heteromeryx dispar Matthew 
Heteromeryx dispar Matthew: Bull. Amer. Mus. Nat. Hist., Vol. XI, 23, 1905. 


spec. Size somewhat less than Protoceras celer, little larger than 
mammifer Cope, which may belong this, closely allied genus rather than Lepto- 
(Matthew, loc. cit.) 


MEASUREMENTS 

Cheek-tooth series, length............. P4, ant.-post. diameter............... mm. 
Premolar series, length............... P4, transverse diameter............... 

Molar series, length.................. ant.-post. diameter............... 

ant.-post. diameter............... 3.5 M1, transverse diameter.............. 

P2, ant.-post. diameter............... M2, ant.-post. diameter............... 

P2, transverse diameter............... 5.5 M2, transverse diameter.............. 

P3, ant.-post. diameter............... ant.-post. diameter............... 

P3, transverse diameter............... M3, transverse diameter.............. 14.5 


Horizon: Middle Chadron. 
Locality: Indian Draw, Cheyenne River, So. Dak. 


SYSTEMATIC POSITION THE HYPERTRAGULIDAE 


1899 published paper the Selenodont Artiodactyls the Uinta 
which the conclusion was reached, that the hypertragulids, including Protoceras, the 
oreodonts and the agriochoerids, were all referable the Tylopoda, camel suborder, 
taking the ground that that suborder had become greatly diversified North America 
and took the place held the Old World the Pecora. the four families into which 
the Tylopoda were divided, the Camelidae, Hypertragulidae, Merycoidodontidae, and 
Agriochoeridae, the last three were peculiar North America and had never been found 
any other continent, while the fourth, the Camelidae, was likewise confined North 
America until the Pliocene, when they migrated South America and Asia respectively. 

This conclusion was not favourably received most students mammals, partly, 
because the author failed make his meaning entirely clear. will instructive 
cite some passages from Matthew’s discussion this problem: The position the Hyper- 
tragulids variously estimated different authors. Leidy [sic and Cope they were 
regarded related the Tragulines; Scott regards them representing series offshoots 
from the camel phylum varying divergence; and Schlosser has lately advanced the view 
that they represent approximately the ancestral stock the Sivatherines and gazelles. 
The present writer unable accept any these views, but regards the group 
entirely independent offshoot the primitive ruminant stock, without especially near 
relations any other group and without any known descendants the Miocene later 
epochs.”’ 


B., Trans. Wagner Free Inst. Science, Philad., Vol. VII, pp. 
Bull. American Mus. Nat. Hist., Vol. 25. 
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This passage inadvertently misrepresents Leidy’s views, for referred 
the only genus the family known him, the Moschidae, which are, course, the 
very near allies the Cervidae, which most naturalists include them. When, subse- 
quently, transferred the Cervidae, Matthew would have welcomed the 
support Leidy’s opinion. 

quite probable that the Uinta selenodonts are not far removed from the primitive 
ruminant stock; they certainly appear bridge the gaps between Hypertragulidae, camels, 
and oreodonts, but does not all follow that the Old World ruminants are not derived 
from the same primitive stock toward which all the American types seem tending 
trace them back into the Eocene” (p. 26) precisely the opinion which 
was endeavouring express, but was dealing only with American forms, 
did not think necessary consider the Old World ruminants, though having intention 
excluding them from the ancestral group common Old and New Worlds. 

1908, Dr. Matthew far modified his views separate Leptomeryx from the 
Hypertragulida, and bring into relation with the Cervidae, regarding the most 
ancient the American deer. concludes: ‘‘(1) extremely primitive, 
unspecialized genus pecoran stock. (2) related especially the primitive Cervidae. 
(3) fulfils every structural requisite for direct ancestor Blastomeryx and other 
known genus does so. (4) Its occurrence the American Oligocene, contemporaneous 
with much more advanced Pecora the Old World, precludes regarding genetically 
ancestral the Cervida, whole. may ancestral through Blastomeryx, however, 
the American his phylogenetic diagram (op. cit., 559) selenodont 
relationships Matthew left Hypertragulus, Hypisodus, and the agriochoerids (including the 
oreodonts) the cameline group, without formally referring them the Tylopoda. 
Matthew still further modified his views this problem 1910, paper describing 
new genus cameline ancestors, (q.v.). This genus, says, definition 
member the Hypertragulidae having four digits with separate metapodials the 
fore-foot and but two functional digits the hind foot, the metapodial keels confined 
the palmar surface, the dentition primitive, brachyodont and unreduced. The family, 
thus defined, ancestral the higher ruminants, and subdivided into three groups, 
ancestral respectively the Pecora, Tragulina, and Tylopoda, would have the following 
arrangement. 

Leptomeryx with affinities Cervidae 
Heteromeryx 
Protoceras and ??bovine affinities 
Hypertragulinae affinities Tragulidae 
Leptotragulinae 
Leptotragulus 
Eotylopus Camelidae 
Protylopus 


Bull. Amer. Mus. Nat. Hist., Vol. 555. 
Bull. Amer. Mus. Nat. Hist., Vol. XXVIII, pp. 41-2. 
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Material discovered since this was written shows that the definition the Hyper- 
tragulidae largely mistaken, while the question-marks are indication that the writer 
felt great confidence his 

Finally, 1929, his last word the subject, Dr. Matthew included the entire 
group the Hypertragulidae the Recent family Tragulidae, and this, turn, was classed 
with the Pecora, the subordinal term, Tragulina, being 

his second bibliography North American Vertebrata, Hay brings this family 


into relationship with the Camelidae, but Mr. Childs Frick, his admirable Horned Rumi- 


nants North America, has far followed Matthew, include the hypertragulids, 
which divides into two families, among the Pecora, making for them special section, 
which calls Pecora 

This paper cannot deal with the selenodonts the Uinta Eocene, although them 
found the key the problem the mutual relationships the Camelidae, Hyper- 
tragulidae, Merycoidodontidae, and Agriochoeridae. Such Uinta genera Leptoreodon, 
Leptotragulus, and Protylopus seem unite the four families and are very 
near the common ancestry all the Tylopoda, the widest sense that term. The 
problem concerning the systematic position the Agriochoeridae and Merycoidodontidae, 
which are here grouped the superfamily Oreodontoidea, particularly difficult and 
obscure and the discussion must deferred until the structure all the genera con- 
cerned has been made known. However, something may said here way anticipation. 

The true camels, family Camelidae, were already somewhat apart from the other 
families and, there doubt their systematic position and general phylogenetic 
history, they need not further considered here. The other three families, which diverged 
widely the Oligocene, have much common the upper Eocene. They all have 
one remarkable peculiarity which not primitive, but specialization, and not shared 
any other artiodactyls, namely the conversion the first lower premolar into canini- 
form tusk, which occludes behind the upper canine. the Oreodontoidea this feature, 
which was first discovered them and emphasized Leidy, and them the tusks re- 
mained large and functionally important both sexes, until the late Oligocene and 
early Miocene, these teeth were, certain genera, reduced vestiges, demonstrated 
the Leptauchenia-Cyclopidius-Pithecistes series. the protoceratine subfamily, the 
tusks, and took secondary sexual character and were functional the males, 
vestigial the females. the Hypertraguloidea, though retaining their characteristic 
arrangement, they were gradually reduced vestiges. Hypertragulus, the upper 
canine and first lower premolar are functional fangs, they are useless vestiges 
and Hypisodus the upper canine has been suppressed and the first lower premolar 
very small, sometimes erect and sometimes procumbent and incisiform. 

Another characteristic that unites these families their exclusively North American 
distribution and until the Pliocene this was true the Camelidae also. altogether 
probable that the Eocene ancestor common the four families was migrant from the 
Old World and was nearly related the primitive ruminants the Eastern Hemisphere, 
but when the group had become firmly established North America, developed diver- 
gently into four families, they are here regarded, all which are distinctly indicated 


Bull. Geol. Soc. Amer., Vol. 40, 408. 
Bull. Amer. Mus. Nat. Hist., Vol. LXIX, 1937. 
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the upper Eocene, though the genera are still much alike that Matthew referred 


most them the single family Hypertraguloidea. the White River, differentiation 


far advanced, that each the families was plainly separated from the others, though 
there still some difference the matter family grouping. 

the geological stages which followed the White River, divergent evolution con- 
tinued, but with results that were widely different the various families. One these 
groups, the Agriochoeridae, died out the John Day, immediately thereafter; second, 
the Hypertragulidae, here limited, reached its maximum diversification the White 
River and then slowly declined, one subfamily coming end the lower Miocene and 
the other the lower Pliocene. third family, the Merycoidodontidae, flourished mightily 
through the whole Oligocene and Miocene, giving rise great diversity types, changing 
not merely skull and teeth, but also bodily stature, limbs and feet, and, especially, the 
proportions head, neck, trunk, and limbs. This long-lived and most peculiar, ex- 
clusively North American group ended with the lower Pliocene. The fourth family, 
the Camelidae, still existence, but has North American representatives, though 
the Miocene and Pliocene there was great variety these animals including some co- 
lossal species, and the great Camel-llama (Camelops) went through the Pleistocene. 


Family Marsh 
Protoceratidae Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLI, 81, 1891. 


Professor Marsh was impressed the extraordinary peculiarity his newly 
discovered genus Protoceras, that erected separate family for it. His type-specimen 
proved female and the male skull, which was soon after described and figured 
Osborn and was found even more extravagantly bizarre than the female. 
1895 described skeleton this genus, which displayed close resemblance 
dental and skeletal structure that did not hesitate include them 
the same family, procedure which has been very generally accepted. 

Only recently has the structure the White River members the Hypertraguloidea 
been fully made known and these turn out unexpectedly different from one another, 
lead revive scheme assigning each the White River genera 
different subfamily. This seemed show that merely subfamily distinction between 
Protoceras and the hypertragulids was insufficient express the facts and that would 
more accurate form two family groups for these strange creatures and, the same 
time, recognize their unquestionable relationship including them both one super- 
family, the Hypertraguloidea. 

The number White River genera assignable the Protoceratidae very limited. 
the Chadron but single genus, Pseudoprotoceras, known, though possibly Heteromeryx 
should placed here rather than the Hypertragulidae. representative the 
family has been found the lower Brulé, though, course, they must have persisted 
through that time, for they reappear the upper Brulé, where two different genera, Calops 
and Protoceras, make their appearance. 


Osborn, F., and Wortman, L., Bull. Amer. Mus. Nat. Hist., Vol. IV, 351 ff. 


Scott, B., Journ. Morphol., Vol. XI, 303 ff., 1895. 
Osborn, F., The Age Mammals, 550, Y., 1910. 
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Pseudoprotoceras Cook 
(Plate LXX.) 


Pseudoprotoceras Cook: Midland Naturalist, Vol. XV, 149, 1934. 


Mr. Cook has most kindly sent the type this genus for illustration and de- 

The original description follows: 

Characters.—Upper dentition: M3. Marked recession anterior 
nares; premolars simple and molars more progressive and hypsodont than Protoceras 
and Heteromeryx; skull relatively flat, with facial portion elongated.”’ 

The type-specimen skull, lacking cranium and mandible, which has been down- 
crushed and flattened. The complete premaxilla the right side shows that there were 
incisors, not even the minute vestiges which are retained Leptomeryx. The canines 
had been lost before fossilisation, for the alveoli are filled with matrix; minute tooth, 
which the crown has been broken and lost and isolated diastemata front and 
behind it, while the other cheek-teeth are excellent state preservation. 

The large size the canines indicates that this skull pertained male animal and 
the slight degree molar abrasion shows that was young adult. The upper canine, 
may inferred from the diameter the alveolus, was relatively larger than the male 
Protoceras, but similar shape, being compressed and sabre-like; Cook compares them 
the laniary tusks but the likeness Protoceras closer. the latter 
the abrasion the posterior side the sabre the caniniform first lower premolar gives 
false appearance being trihedral, oreodonts. 

above stated, was useless vestige, even more reduced than Protoceras, and 
isolated diastemata; the other cheek-teeth, are continuous series, without 
interspaces; very much larger than and its buccal aspect resembles that Lepto- 
the crown, which implanted two roots, compressed, trenchant and antero- 
posteriorly extended, triconodont pattern, with obscure anterior and posterior basal 
cusps; the principal cusp low and bluntly pointed. There internal cusp, deutero- 
cone, such occurs but the raised and tuberculated cingulum along the 
posterior half the lingual side encloses slit-like valley with the outer wall. is, 
general, similar p2, but considerably larger, with the buccal face showing more 
distinct median convexity and slightly deeper anterior and posterior concavities. The 
lingual side has deuterocone which relatively smaller than though 
supported third root, and there prominent cingulum along the whole inner face. 
the crown consists transverse pair crescents, like half-molar, ruminants 
generally; the buccal side differs from that being convex rather than 
concave. 

The molars are very much like those Protoceras and Heteromeryx; Cook’s statement 
that: ‘‘Its teeth are less brachyodont than Heteromeryz,” explained the fact that the 
type and only known specimen the latter genus old individual, with much abraded 
molars, while the type-specimen Pseudoprotoceras the teeth are but little worn. fail 
understand his statement that: ‘‘While brachyodont, the dentition more nearly 
hypsodont than the case the more recent Protoceras the Upper (Op. cit., 
150), for the molars seem higher-crowned than Protoceras. other 
respects, Cook’s account may repeated. 
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upper have parastyle, mesostyle, metastyle and both external ribs 
strongly developed. pillar developed from the cingulum the antero-internal faces 
both [inner] crescents each molar. This large strong pillar the inside the 
last crescent M3, strongly suggestive primitive condition development seen 
later races cervids and bovids. The posterior largest each molar. These develop- 
ments from the cingulum are most prominent and progressively smaller 
and (Op. cit., pp. 149-50.) 

The Skull has been subjected dorso-ventral compression, which has resulted 
down-crushing the facial roof, but without affecting the palate. The typical and only 
known species, longinaris, smaller than Protoceras celer about the proportion 
lineal dimension; far they are comparable, the two skulls are much alike, but 
Pseudoprotoceras the rostrum decidedly shorter and narrows less gradually the 
edentulous space front p2. The shattering the bones makes impossible 
determine many the sutures and, some places, one cannot quite certain the 
limits bone and matrix. Nevertheless, several characteristic features this skull are 
obvious and most these Cook has already called attention. Though unmistakably 
male, this skull has none the horn-like protuberances which characterize the male 
Protoceras. the loss the cranium makes uncertain whether, not, the parietal 
were present, but there reason think that they were; the maxillary 
protuberances, there trace, but, each side above and somewhat advance the 
orbit, elongate and slightly rugose convexity, which ends anteriorly point; internal 
this swelling, there oval convexity. The anterior nares are continued very far 
back and the nasal bones, though abbreviated, are yet relatively much longer than 
Protoceras, and this part the skull indicative proboscis, which is, doubt, the 
meaning Cook’s statement that the muzzle ‘‘is more tapiroid than The 
nasals are broad and transversely convex; anteriorly, the lateral border each nasal 
broken, that the degree tapering cannot ascertained, but the entire length seems 
represented. The maxillary very long and dorso-ventrally low; the masseteric ridge 
prominent and the infraorbital foramen far forward, opening above p3. Anteriorly, 
the maxillary somewhat swollen the alveolus the sabre-like tusk. The limits 
the palatines are not shown, but, whole, the hard palate broad and transversely 
flattening and narrowing forward, the two tooth-rows converge. From the 
slightly horse-shoe shaped posterior nares, median ridge runs forward, ending the 
line The right premaxillary completely preserved; the ascending ramus very 
short and slender and ends dorsally point. The horizontal ramus elongate and 
somewhat peculiar shape; front the canine alveolus constricted and twisted, 
that the external surface becomes oblique and the palatine portion rod-like. Remnants 
small pits the alveolar process seem indicate vestigial incisors, which, formerly 
present, were even more reduced than The incisive foramina are long, 
narrow and slit-like and the premaxillary spines are almost stout the rod-like hori- 
zontal rami. 

That Pseudoprotoceras distinct from Protoceras, but nearly allied it, obvious; 
Cook remarks, nearly, but not quite the sought-for Chadron ancestor the upper 
Brulé genus; the ‘‘characters which seem preclude the direct are com- 
paratively unimportant and another species the same genus may prove the ancestor 


q 
4 


THE AMERICAN PHILOSOPHICAL SOCIETY 


desired. the other hand, not clear that Pseudoprotoceras generically distinct 
from Calops, which likewise known only from the channel-sandstones the upper Brulé, 
and this doubt will remain until male-skulls the latter shall have been obtained. The 
stratigraphical interval between the two forms not insuperable objection merging 
them one genus, but the number mammalian genera common the Chadron and the 
upper Brulé small make improbable that these are the curious that 
the Protoceratidae should occur the highest and lowest substages the White River, 
but have not been found the intervening beds, lower Brulé, which the other 
family, the Hypertragulidae, are comparatively common. 
But single species the genus has been named: 


Pseudoprotoceras longinaris Cook 
Pseudoprotoceras longinaris Cook; Midland Naturalist, Vol. XV, 149, 1934. 


Cook mentions the characteristics some skeletal fragments associated with the 
typical skull. 

tibial end the astragalus has distinctly cervid aspect; the other end more 
suggestive its ‘cut’ and slight lateral twist the condition seen certain entelodonts 
and pecaries and unlike that cervids, bovids oreodonts. The tarsal elements 
are not fused and there sharp, elevated keel between the navicular and cuboid 
(Cook, Op. cit., 150.) 


MEASUREMENTS 
Upper dentition, length 82.5 mm. Diastema, canine and pl.............. mm. 
Upper canine, ant.-post. diam.......... 10.5 Cheek-tooth series, length............. 
Upper canine, transverse diam......... 4.5 Premolar series, length ............... 
Diastema length............... 9.5 M2, ant.-post. diameter............... 9.4 
ant.-post. diameter............... M2, transverse diameter.............. 11.5 
P2, ant.-post. 8.5 M3, ant.-post. diameter............... 10.5 
P2, transverse diameter............... transverse diameter.............. 
P3, ant.-post. diameter............... Face, length prmx. orbit............ 
P3, transverse diameter............... Rostrum, width pl................ 
P4, ant.-post. diameter............... 7.5 Rostrum, width p2................ 
P4, transverse diameter............... 8.5 Rostrum, width over canines.......... 
Upper molar series, length............ Premaxillary, 
transverse diameter.............. 


Horizon: Chadron. 


Calops Marsh 
(Plate LIX.) 


Calops Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 94, 1894. 


Very much less common than Protoceras, though occurring with the same beds. 
The original description cristatus, gen. sp. follows: ‘‘The present 
type specimen skull fair preservation, indicating fully adult animal, which when 
alive was about half the size goat. its general form and most its characters, 
this skull agrees closely with the type Protoceras suggest once some affinity 
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between the two. The dentition preserved the premolar and molar series essentially 
the same. The high maxillary plates joining the short, pointed nasals; the deep lachrymal 
fossa and the posterior orbit strongly closed behind, all suggest ally Protoceras, but 
the parietal ridges are here elevated into crests and are without horns. 


Fig. 127.—Calops consors, type. Top-view skull. Peabody Mus. Yale Univ. 


skull when complete was about six inches length. The distance from the 
front the nasals the junction the parietal crests about four inches and half. 
The space occupied the last three premolars and the true molars about two and 
one-half 

second notice, Professor Marsh wrote: ‘‘The brain was comparatively well de- 
veloped, and unusually large part the cerebral lobes was covered the parietals. 
The frontal region the skull between the orbits was more less concave. The antorbital 
depressions extend well forward. There diastema between the upper canine and the 
first premolar, and between the first and second premolars. The canines above and below 
are small. The second and third (lower) premolars have secant crowns much elongated 
aft. The postglenoid process quite small, but the paroccipital large and robust. 
The lower jaw has very short coronoid process and the condyle sessile. The angle 
the jaw well rounded and somewhat 

few additional points difference skull-structure between Calops and the females 
Protoceras may noted. the type-specimen celer Marsh, the two parietal 
crests support pair very small, conical horn-like protuberances and this the only 
skull the kind that has yet been found, though many unquestionably female skulls are 
the various collections. Presumably, the presence these was due individual 
variation, though may have been specific distinction. the two known skulls and 
Calops there trace such prominencies. (2) Calops the cranium much more 
elevated, making the upper profile the skull rise steeply from the nasals back the 
vertex, from which point declines very slightly the summit the inion. conse- 
quence, the basi-cranial axis, with the occipital condyles, much higher above the level 
the teeth. Most skulls Protoceras have suffered more less deformation from 
down-crushing, which exaggerates this difference between the two genera. (3) Calops 
the supraorbital foramina are minute, absent, and the frontals are not grooved, whereas, 
Protoceras, these foramina are conspicuous and deep vascular grooves lead forward 
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fromthem. (4) The angle the mandible more convex Calops and extends somewhat 
farther behind the plane the condyle. (5) The individuals Calops are decidedly 
smaller than any known species Protoceras. 

Marsh described two species this genus, cristatus and consors. 


Calops cristatus Marsh 
Calops cristatus Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLVIII, 194, 1894. 


The distinguishing character this species the position the orbit, which, 
Protoceras, entirely behind the molar teeth. 


Horizon: Upper Brulé. 
Locality: Big Bad Lands, So. Dak. 
Calops consors Marsh 
Calops consors Marsh: Amer. Journ. Sci., 4th Ser., Vol. IV, 175, 1897. 


Fig. 128. Calops consors: Right upper cheek-teeth, crown and external views, enlarged. dp3 and 
Field Mus. No. 12,225. 


Marsh’s original description reads: ‘‘This second specimen proves distinct from 
the type and here recorded new species, Calops consors. The skull, which good 
preservation, represented Plate VII, Figs. and two views exhibit the 
main features the skull the genus Calops. The most striking difference between this 
specimen and the type the position the orbit, which the latter entirely behind 
the molar teeth, Protoceras, while the specimen here figured, shown Plate VII, 
nearly half the orbit front the posterior end this series.”’ 

The male Calops unknown and until that skull has been discovered, the relation- 
ships between this genus and Pseudoprotoceras must remain open question. 


Horizon: Upper Brulé. 
Locality: Big Bad Lands, So. Dak. 


‘ 
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Protoceras Marsh 


(Plates 
Protoceras Marsh: Amer. Journ. Sci. 3rd Ser. Vol. XLI, 81, 1891. 


The type specimen the genus imperfect skull described Marsh under the 
name celer, which characterized the presence small pair protuberances, 
resembling horns, from the parietal bones. Subsequently Osborn and Wortman showed 
that the type specimen belonged female and described the male skull, which one 
the most curious fossils ever found and which displays very remarkable secondary sexual 
characters. They also described and figured the fore and hind feet, which differ the 
most striking way from what the structure the skull would lead expect. Still 
later large amount material was secured the museums Yale University, New 
York, Chicago and Rapid City, all which have had the privilege examining. 


DENTITION 


The dental formula ms, which differs from that believed characterize 


Gelocus additional upper premolar, although not certain that may not have 
been present the latter genus also. 

Upper Teeth: The incisors have entirely disappeared, leaving traces alveoli 
the premaxillaries. the female the canine vestigial, but the male forms long 
curved tusk, comparable that the tragulines, though rather shorter and entirely 
different shape. While the latter forms compressed, scimetar-like blade, Protoceras 
trihedral, somewhat like that the oreodonts, but relatively longer, more compressed 
and slender, and quite strongly everted laterally. the oreodonts, the canine 
abraded upon the posterior face, because the male the first lower premolar had taken 
the form and function the canine. The first premolar much the smallest the 
series and has simple, compressed and trenchant crown, implanted two quite widely 
diverging roots, and consisting only the protocone without additions. The tooth stands 
itself, being isolated considerable diastemata both from the canine and from p2. 
The second premolar remarkably elongate the antero-posterior direction, resembling 
this respect the corresponding tooth Xiphodon and less degree that 
The crown very low, compressed and trenchant; obscurely marked anterior and posterior 
basal cusps are separated shallow grooves from the protocone. There strong 
internal cingulum running the whole length the crown, thickened and elevated the 
median point form incipient deuterocone, which supported third root. 
some specimens the deuterocone can hardly said exist and the cingulum feebly 
marked, and then the crown carried two roots only. Seen from the cuter side, this 
tooth much resembles except for its greater elongation, but the latter 
the deuterocone much larger and the cingulum absent. The third premolar very much 
like the second, but with some modifications; thus the antero-posterior length somewhat 
less, while the transverse width somewhat greater, increase which chiefly due 
the greater thickness the protocone, though the deuterocone also better developed. 
This tooth differs from Leptomeryz the much smaller deuterocone and the presence 
complete internal cingulum. The fourth premolar the usual ruminant pattern, 
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consisting single pair crescents. fairly developed cingulum present the 
inner crescent, which very faint the anterior side, but distinctly marked the pos- 
terior. This cingulum course not homologous with that and p3. comparison 
shows once that the cingulum represented the horns the inner crescent 
and that the inner cingulum the latter something superadded. 

The upper premolars whole are very much like those but are more 
elongate and somewhat simpler construction. Hypertragulus they are still simpler 
and more trenchant, they are existing tragulines. 

The molars are the extreme brachyodont type, short antero-posteriorly and broad 
transversely, present nearly square outline; slightly the largest the 
series. The external buttresses (para- and mesostyles) and the median ribs the outer 
faces are very prominent and sharply defined; the internal pillar varies considerably 
the different specimens,—in some being quite absent and others strongly developed; 
the inner cingulum also varies much strength and would appear more prominently 
marked the males than the females. The valleys are narrow and shallow and rapidly 
wear down mere lines. The shape and proportions these molars are closely like those 
Leptomeryx, the principal difference between the two genera being that Protoceras 
the inner crescents are rather more complete. Dorcatherium has molars which the outer 
crescents are extremely like Protoceras, but the inner ones are thicker and more sloping. 
Hypertragulus the molars are like those Leptomeryz. 

Lower Teeth: Osborn and Wortman give the following description the lower incisors 
and canines. ‘‘The inferior incisors present the delicate spatulate crowns; the median [and] 
second incisors are slightly larger than the lateral incisor, which very delicate. The 
canine has precisely the same delicate structure the lateral the female 
resembles the corresponding tooth the upper jaw, but rather smaller and implanted 
single root. the male large and caniniform and abraded the posterior face 
the upper canine. the female considerably advance and nearly 
far enough forward abrade the upper canine, being separated diastema from the 
lower canine, and longer one from p2. Gelocus very small and simple and 
stands close p2. 

The second premolar much more elongate antero-posteriorly than the first and 
inserted two widely separated roots; the crown low and compressed, with two trenchant 
edges, and very simple construction. The anterior and posterior cuspules are but 
obscurely developed, and faint ridge the inner side the protoconid encloses 
incipient valley. The third premolar, like the longest (fore and aft) the series, 
though the difference less marked than the upper jaw. construction resembles 
p2, but all the elements are more distinctly differentiated and the posterior valley deeper. 
The fourth premolar shorter and wider than the third and has its component cusps more 
clearly demarcated; the deuteroconid well shown and the ridge which passes backward 
from that cusp extends and fuses with the posterior cusp, that the posterior valley 
forms 

The inferior premolars are general very similar those 
but pl, which stands isolated diastemata, much more reduced, and the others 
the anterior and posterior basal cusps are much more distinct and form sharp elevated 
points. Hypertragulus caniniform, has considerable diastema both front 
and behind it, and and are smaller and simpler than either the genera mentioned. 
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The molars are very low-crowned and have narrow, shallow valleys, which are worn 
nearly the bottom comparatively early stage attrition. The crowns are quite 
broad proportion their length, which increases regularly from internal 
are thinner and less distinctly conical than Gelocus. the smaller and more 
abundant specimens the external pillar but feebly developed, especially upon 
the largest-sized jaws (perhaps old males) the pillar well shown; such cases largest 


and smallest mI. The talon large and consists two elements, which 


are more less distinctly separated from each other. the lower molars 
differ from those described chiefly their relatively less width and greater height, the 
absence the external pillar, and the complete separation the two elements which 
compose the talon m3. 

The Milk Dentition the lower jaw not represented the collections, and that 
the upper jaw only partially so. The second milk premolar very elongate and compressed 
and consists three elements, the protocone the middle, the basal cusp front and 
behind it, all which have acute apices and trenchant edges; the internal cingulum 
strongly developed and forms prominent ridge. This tooth, aside from the cingulum, 
strictly the ‘‘triconodont stage,” though, course, phylogenetic significance can 
attributed this fact. The third milk premolar (dp3) very peculiar and not quite like 
the corresponding tooth any artiodactyl with which have compared it, though most 
resembling Gelocus, Leptomeryx, and the tragulines, and thus quite distinct from the 
type dp3 the existing Pecora. the former and very many ancient genera, 
such Dichobune, Dichodon, Caenotherium, the crown bears three external cusps, 
the protocone and tritocone and front the former anterior basal cusp, for which 
name has been suggested, because the comparative rarity its occurrence. The 
tritocone shaped precisely like the external crescent p4, while the protocone 
compressed conical form. The postero-internal cusp, tetartocone, likewise crescentic, 
and thus the hinder half the tooth like the entire crown p4. far, this description 
would apply equally well the difference between the two genera consisting 
the great prominence the inner cingulum the anterior half the crown Protoceras, 
which thickened and elevated points form two incipient cusps; these the 
posterior, opposite the protocone, course the deuterocone, while the anterior one has 
not been named. 

the Pecora dp3 has the form permanent molar. have elsewhere shown that 
Riitimeyer has probably attributed too much taxonomic value this fact, since the 
same family both types dp3 may occur, as, for example, Merycoidodon and Merychyus. 
Yet, nevertheless, the feature important, and not without significance that, while 
Protoceras resembles the Pecora many details skull structure, the dentition, and 
especially the milk teeth, are those the more ancient genera. 

The fourth milk premolar molariform and differs from the permanent ones only size. 


SKULL 


genus hitherto known from the White River formation has such modernized 
type skull Protoceras, which, indeed, some respects advance the existing 
hornless deer, such Moschus and Hydropotes, and one two other points exceeds 
all the Cervidae. The modernization the skull, which has been referred to, consists 
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the following characters: (1) the shortening and rounding the cranium; (2) the backward 
shifting the orbit, which removed entirely behind the line the molar teeth; (3) the 
great elongation the facial region, due not only the shifting the orbit, but also 
the lengthening the muzzle; (4) the bending downward the face the cranio-facial 
axis, which does not occur the Cervidae. 

The material command displays three well-marked types skull structure, two 
which are undoubtedly due sexual distinctions, while the significance the third not 
yet entirely clear. will most convenient begin the description with account 
the unmistakably female skulls, since these are the less extremely specialized type, and 
therefore best fitted display the fundamental characters structure. these females, 
there are five finely preserved skulls the Princeton collection, with fragments several 
others. The females are much more abundant than the males, would expected from 
the analogy recent ruminants. Among these skulls there considerable degree 
variation, and perhaps more than one species represented the specimens, but, this 
not clearly shown, will better treat the variations individual. 

Aside from certain peculiar specializations, the general character the skull has 
already been pointed out the list modernizations given above. whole, the skull 
very long and narrow, tapering rapidly toward the anterior end, where the muzzle 
becomes extremely slender. The face constricted front p4, and again front p2, 
that the base the skull has remarkably llama-like appearance. The upper contour 
rises the forehead, the cranium being considerably elevated above the level the face, 
though less than the antlered deer and much less than Calops. The occiput 
antique type, high, narrow, and with its upper portion deeply concave and projecting 
backward, very different from the low, broad, and convex occiput the tragulines. How- 
ever, that group, the upper margin the foramen magnum forms the hindermost 
part the skull. The lambdoidal crest prominent, the sagittal much longer and higher 
than any existing selenodont, except the camels, and the temporal ridges are likewise 
unusually prominent. 

The basioccipital quite broad and massive, some specimens faintly keeled, 
others with shallow groove along the median linc; the very small tympanic bullae not 
encroach upon all. The body the bone relatively narrower and deeper the 
vertical direction than the antelope deer skull, even Moschus. The condyles 
are large, especially the vertical direction, and are quite widely separated below, though 
less than the deer. The articular surface continued forward upon the two tubercles 
the basioccipital, the deer and some antelopes. the outer side each condyle 
there curious emargination the articular surface, which invades the process along the 
line where the dorsal and ventral surfaces meet. The emargination occurs, but much 
less marked degree, Moschus, Odocoileus, and other recent ruminants. The exoccipitals 
are low and narrow, compared with their relatively great breadth the recent Pecora; 


the median line they are quite strongly convex, bulging out here form fossa for the 


vermis the cerebellum; laterally they become concave, enclose deep fossa 
each side. The paroccipital processes are long, slender and laterally compressed; shape 
and relative position, they are quite like those Moschus. The inferior surface the 
exoccipital, between the paroccipital and the condyle, not wide, but unusually long 
the fore and aft direction; this space not bounded front ridge running from the 
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paroccipital the basioccipital, the case many deer. The foramen magnum 
rather small and subcircular shape; its dorsal border notched the middle line and 
each side the notch more less prominent and thickened process. The supra- 
occipital high, but narrow and very thick, especially the upper portion, where the 
structure well developed. The posterior surface concave, and small 
are formed the sides. The parietals not take part the formation these wings, 
because the supraoccipital reflected over upon the top the skull and forms appreci- 
able part the cranial roof, not only the middle line, Moschus, but also upon the 
sides, the tragulines. The summit the lambdoidal crest formed entirely the 
supraoccipital. None the existing Pecora has such primitive type occiput Proto- 
ceras. all them the occiput much lower and broader; there are such marked 
median convexity and deep lateral fossae, and the crest almost entirely obliterated. 
Even the tragulines have this region shaped more like that the Pecora than has Protoceras. 
the other hand, the shape found the latter occurs also many ancient artiodactyls, 
such the oreodonts, but that family the occipital wings are much more prominent 
and the parietals take part the formation them. The Deep River genus, Dromomeryz, 
which undoubted member the Pecora, has occiput strangely like that the 
oreodonts. 

The cranium, which remarkably well-rounded and capacious for White River 
animal, though not very large, judged the modern standard, roofed principally 
the large parietals, which cover nearly the whole cerebral fossa and extend farther forward 
than the existing Pecora, though the parietal zone somewhat shortened compared 
with that the tragulines, and very much when contrasted with the long parietals 
such genera Merycoidodon Bothriodon. For most their length the parietals unite 
form thick and prominent sagittal crest, which cancellous internally and encloses 
small sinus. Anteriorly, near the frontal suture, the crest into two temporal 
ridges, which are recurved and overhanging, thus enclosing deep groove which 
goose-quill may concealed. These temporal ridges are confined the parietals, and 
become thicker and more rugose the points where the male skull the large protuberances 
arise. These thickened areas differ somewhat shape and prominence the various 
specimens, but none the skulls before they rise into protuberances all com- 
parable with those the specimen figured Marsh. most the female skulls the 
parietals extend quite far down upon the sides the cranium, though there variation 
this respect, and front the squamosals send down processes meet the alisphenoids. 
The latter are antelopine rather than cervine shape, which doubt due the great 
amount backward displacement which the orbit has undergone. The ascending process 
the alisphenoid narrow, but its lower portion reflected backward, and, internally 
the glenoid cavity, extends almost the tympanic. The pterygoid process also 
narrow and has decidedly less vertical height than recent Pecora. 

The basisphenoid forms rather slender and almost cylindrical rod, which distinctly 
narrower than the deer. tympanic much like that Moschus; the exceedingly 
small bulla but seldom well preserved, that not surprising that Marsh should 
have concluded that ‘‘there were apparently auditory The bulla produced 
anteriorly into long, slender spine, and its postero-external side deep pit for the 
tympano-hyal. long auditory meatus occupies the space between the postglenoid and 
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processes the squamosal, but does not form complete tube, the upper 
part being covered the squamosal. Sir Victor Brooke’s account these structures 
the Musk-deer may quoted here with advantage. ‘‘In Moschus the auditory bulla 
remarkably small, the petrous formation the being visible, when viewing the 
base the skull, for nearly the entire length the bulla from before backwards. The 
tympanic considerably prolonged form the interior floor the external auditory 
Protoceras the approximation the tympanic and basioccipital too close 
allow the periotic seen, except one specimen where the exposure clearly due 
displacement the surrounding parts. and the Pecora generally, 
the tympanic hollow and not filled with cancellous tissue, but the bulla Leptomeryz, 
though decidedly smaller than Tragulus, relatively much larger than Protoceras. 
The mastoid portion the periotic forms narrow and more less rugose strip between 
the exoccipital and the squamosal, and continued upon the anterior face the paroccipital 
process for some distance below the posttympanic. 

The squamosal forms varying part the side wall the cranium, the ascending 
plate rising higher some specimens than others. The parietal suture regularly 
arched upward and backward. the deer, the bone forms truncated process the 
anterior end this suture, where the cranial wall turns inward form the front boundary 
the cerebral fossa; apparently, however, the alisphenoid takes less share the formation 
this process than the case Cervus. The root the zygomatic process thicker 
and less concave its upper side than the recent Pecora and the process itself heavier 
than those animals, which remarkably weak; length, longer than the 
cavicorns and shorter than the deer, the orbit occupying position intermediate between 
the rather anterior place holds the latter, especially the hornless forms, and its 
very posterior position The glenoid cavity typically ruminant character; 
front broad and slightly convex, passing behind into concavity. The postglenoid 
process longer and considerably heavier than most recent ruminants, though very 
much less than such types the oreodonts Bothriodon. The process does not, 
the deer, bound the whole width the glenoid cavity, nor, the cavicorns, 
confined the postero-internal angle, but placed somewhat internal the median line. 
The posttympanic process very short and slender and closely applied the mastoid 
portion the periotic. all the recent Pecora there large opening between the 
auditory meatus and the inferior margin the squamosal for the passage nerves and 
blood-vessels; Hypertragulus, and the recent tragulines trace this 
opening found. Protoceras agrees with the latter this respect, the auditory 
meatus being contact with the squamosal front, behind, and, some extent, above. 

The jugal heavier than usual existing ruminants; its posterior branch extends 
backward beneath the zygomatic process the outer edge the glenoid cavity. Beneath 
the orbit the jugal projects outward into quite broad horizontal shelf, corresponding 
the prominence the supraorbital border. The postorbital process short, and deeply 
notched receive the anterior end the zygomatic process. The orbit, which com- 
pletely encircled bone, bounded behind more the postorbital process the frontal 
than that the jugal. The vertical portion the jugal, which articulates with the 
maxillary, rather small and not much expanded upon the face; this due the rather 
low position held the orbit, which not much elevated the typical deer. This 
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has also upon the conformation the posterior nares. The lachrymal, which 
quite large, not depressed form pit fossa, many the recent deer 
and antelopes, well the oreodonts. has limited suture with the nasal, instead 
being separated from vacuity, such occurs Hypertragulus, and 
most the existing Pecora. Short are the nasals, they are long enough show indica- 
tions such fontanelle, had existed. great taxonomic value can attached 
this character, within the limits the same family may find some genera with and 
others without it, as, for example, the oreodonts, Merychyus and Leptauchenia with its 
allies, have the vacuity, the other genera are without it. 

The frontals are large, though less extended antero-posteriorly than the modern 
Pecora and forming less the roof the cerebral fossa; they reach from little behind 
the orbits considerably front them, but the temporal ridges not encroach upon 
them all. are transversely concave and their outer edges are raised and thick- 
ened form the rugose upper borders the very prominent orbits. Though far less 
than the males, these projections are much more striking than the recent Pecora. 
the median line the frontals not far from the parietal suture small, rounded and 
more less rugose eminence, which varies size the different individuals, though 
not prominent any the females which have seen. Judging from Marsh’s figures 
and description, would appear better developed the type specimen. the 
oreodonts and primitive artiodactyls generally, the supraorbital foramina are placed near 
the median line and the vascular grooves which run forward from them are very dis- 
marked. There small frontal sinus. 

The nasals are remarkable; they are broad from side side, but exceedingly short. 
The median portion elevated, transversely convex, and projects slightly beyond the 
maxillary suture, the free portion rapidly tapering point. The lateral portion more 
depressed and flattened and unites suturally with the maxillary, frontal, and lachrymal. 
Owing their extreme shortness, they are, course, very far removed from any contact 
with the premaxillaries. Though the reduction the nasals less extreme than the 
Saiga Antelope, this part the skull has striking resemblance that animal, and 
it, the nasal chamber has osseous covering for nearly the whole its length. can 
hardly doubted that Protoceras must have possessed proboscidiform muzzle much like 
that the Saiga, and that genus, the turbinal bones were doubtless greatly shortened. 
the moose (Alce) the nasals and turbinals are considerably reduced length, though 
much less extreme degree. 

The edentulous premazillaries are very much like those the modern ruminants, 
except that they are extremely variable size. some skulls they project but little 
advance the canines and not add much the length the muzzle but others, 
especially several skulls the Yale Museum, these bones are very elongate and add 
much the length the rostrum. course, more than one species may involved. 
The alveolar portion forms thin, depressed, and delicate plate, with regularly rounded 
free margin, which shape resembles that Odocoileus. The spines, the other hand, 
are relatively quite broad and very thin, and hence the incisive foramina form narrow 
crescentic slits, the outer wall which formed for nearly half their length the maxil- 
laries; these foramina are thus much less widely opened than most ruminants, which 
due the narrowness the spines the latter. The ascending ramus the premaxillary 
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short and slender and forms obtuse angle with the alveolar portion; separated 
nearly half the length the skull from the shortened nasal. the Saiga the pre- 
maxillaries are much heavier and wider proportionately than Protoceras and the ascending 
portion makes still more open angle with the alveolar portion; Hydropotes the ascending 
ramus wider. 

The mazillaries have considerable resemblance, when seen profile, those the 
Saiga Antelope, but owing the extremely brachyodont dentition, the alveolar portion 
much lower, and the orbit considerably less elevated above the level the palate, 
the descent the upper free margin the maxillaries toward the front much more 
gradual. Another difference between the two genera consists the more complete reduc- 
tion the nasals the modern type and the larger size the lachrymals, owing which 
the latter form the upper margin the nasal chamber for some distance. Protoceras 
the nasals articulate with the maxillaries and thus cut off the lachrymals from the border 
the nasal chamber. The vertical plate the maxillary above the sinus antrum 
very thin and delicate, but has round, seam-like free border, which little thicker than 
the rest the plate. Osborn and Wortman conjectured, there are such great and 
massive protuberances the maxillaries occur the male, but they are faintly indicated 
slight upward arching the border; posterior this the margin notched and from 
the notch extends shallow groove, doubtless marking the course blood-vessel. The 
masseteric ridge very prominent, though less than the male, and extends far forward, 
nearly p3, terminating short spine, which again very much less developed than 
the male. Above the masseteric ridge the ascending plate the maxillary sharply 
inflected form horizontal surface and toward the median line again assumes vertical 
direction, thus giving the bone step-like section and greatly narrowing the dorsal part 
the nasal chamber. The horizontal surface thus formed ends anteriorly deep fossa, 
which Marsh has already called attention, but his specimen the fossa appears 
somewhat differently shaped and more distinctly advance the 
maxillary very low, its upper border curving gently downward the premaxillary suture, 
and its outer surface flat, there being large canine alveolus cause.a swelling. This 
region the jaw very long and bears the chief share the characteristic elongation 
the muzzle. one the specimens, which may possibly represent distinct species, 
the portion the maxillary which advance shorter than the usual type 
female skull, and the arching the upper border which represents the great maxillary 
protuberance the male, thicker and has more rugose margin. From this process the 
descent the border the premaxillary suture more abrupt. The lower border the 
fossa, which continuation forward the masseteric ridge, though not rugose 
like the latter, more prominent and extends farther upward upon the maxillary process. 
these respects this skull approximates the characters the male more closely than 
the long-muzzled females which are more commonly found. The teeth this specimen 
are remarkable for the relatively feeble development the internal cingulum upon the 
upper premolars and its unusual prominence the molars. 

The palatine processes the maxillaries form nearly the whole the bony palate, 
the premaxillaries and palatines taking but little share The palate widest between 
the first molars the opposite sides and gradually narrows each direction from that 
point, while front constricted and becomes very narrow; unusually flat 
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both transversely and antero-posteriorly. The faintly marked rugose ridges which indicate 
the limits the soft palate front the premolars, are many existing ruminants 
placed quite close the median line, that part the ventral surface the maxillary 
was not covered the soft tissue. Protoceras, the other hand, these ridges run along 
the angle formed the meeting the horizontal and vertical surfaces the bones, 
which thus not curve into each other gently the modern forms mentioned. 
The posterior palatine foramina occupy very unusual position. Ordinarily ruminants, 
other mammals, they are situated near the maxillo-palatine suture, but 
Protoceras they are placed just internal and from them deeply marked vascular 
grooves run forward the incisive foramina. These, perhaps, represent the foramina 
which Merycoidodon and Bothriodon occur opposite p3. 

The palatines are rather small bones and hardly more than form border around 
the posterior nares; they are separated from the molars considerable strip the 
maxillaries, whereas the Pecora the palatines are almost contact with the molar roots. 
The posterior nares are much more ruminant than suilline character and yet are peculiar 
many ways. The canal very elongate antero-posteriorly, but very narrow and 
considerably less vertical height than usual the Pecora, feature which correlated 
with the relatively small elevation the cranium above the level the face. The anterior 
border the opening placed between the second pair molars and has short thickened 
median spine. The palatine notches are narrow and shallow compared with those 
the deer; they are not formed, the Pecora generally, constriction the palatines, 


but lie between the latter and the maxillaries. The pterygoids are thin, slender plates 
bone great height, which terminate slightly thickened and everted hamular 
processes. There are pterygoid fossae and such separation between the distal ends 
the pterygoids and alisphenoids occurs the Tylopoda. 

The mandible altogether pecoran character, resembling that Leptomeryx but 
little and that the oreodonts not all. The horizontal ramus very long and quite 
slender, accordance with the great proportional length the molar-premolar series and 
their very brachyodont condition. front the thin edentulous upper border descends 
quite abruptly, rising again slightly form the alveolus pl. The incisive alveolar border 
slightly widened and somewhat spatulate form, though retaining greater vertical 
depth than usual the Pecora; the widening very limited, would inferred from 
the extreme slenderness the upper jaw this region. The symphysis quite long and 
rather oblique, and some aged individuals the two rami the jaw appear co-ossified. 
Two rather large mental foramina occur the symphyseal region, the first underneath 
and the second slightly behind The horizontal ramus has the undulating lower margin 
and anterior taper found existing ruminants, but rather stouter than common 
that group and quite unlike the straight, slender ramus Leptomeryx. The ascending 


rather wider than most the Pecora and does not rise high the cavi- 
corns, which due the fact that the glenoid cavity and base the cranium are not 
much elevated above the level the molars these forms. The angle thin and 
entirely inconspicuous, not projecting behind the line the condyle, being shaped very 
much Moschus, which striking difference from the latter the 
angle projects very far back the condyle, way which recalls that the ancestral 
Tylopoda. The masseteric fossa less profoundly marked than and extends 
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farther downward and forward; somewhat more distinctly imprinted upon the jaw 
than the Musk-deer, but has much the same shape and extension. The coronoid 
very low and tapers abruptly blunt point. This the only character which the 
mandible Protoceras resembles that the oreodonts; the sigmoid notch much narrower 
than Leptomeryx. condyle like that the Pecora, but correlation with the 
better development the postglenoid process, the articular surface more reflected upon 
the posterior face the condyle. While the Pecora the latter slightly concave trans- 
versely, convex antero-posteriorly and thus saddle-shaped, Protoceras, the other 
hand, plane transversely and more strongly convex the fore and aft direction. 

The foramina the skull are antelopine rather than cervine character, which 
doubtless due the backward shifting the orbit, this displacement having proceeded 
farther than the deer, especially the hornless genera. The infraorbital foramen single 
and occupies rather posterior position; lies above the interval between and (in 
the deer above advance p2) and roofed the tubercle which the masseteric 
ridge terminates. The optic foramen lower than most antelopes, correspondence 
with the less elevated position the orbit. The foramen lacerum anterius rather small 
and rounded, while the deer very large and irregular shape, especially 
Moschus, where forms great fissure. the Pecora generally (and indeed most 
artiodactyls) the foramen rotundum not present, though its position some specimens 
marked pair minute openings. The foramen ovale quite large and placed inter- 
nally the glenoid cavity; varies shape, being some individuals nearly round and 
others narrow and elongate. spite the very small size the auditory bullae, 
the foramen lacerum medium and posterius are mere slits, much narrower than 
and the bulla not channelled the carotid canal. postglenoid foramen present, 
though small size. The condylar foramen occupies position where concealed 
the prominence the inferior portion the condyle. The squamosal perforated 
two large vascular openings above the root the zygomatic process. The remarkable 
position the posterior palatine foramina has already been described; only remains 
mention irregularity the two sides which sometimes occurs—thus, male skull 
the left foramen fully quarter inch behind the right. 

The second type skull that the male, the knowledge which owe Osborn 
and Wortman. The striking resemblance this skull miniature has 
been commented the authors mentioned, and excellent example superficial 
convergence between two forms which are widely separated two ungulates well can 
be, since they have common ancestor later than the most ancient Condylarthra. 

The most obvious difference skull structure between the two sexes lies the great 
development osseous protuberances from various parts the head the male, all 
which are, however, faintly indicated the female. The latter far less bizarre ap- 
pearance, and aside from the shortened nasals character which found still more strongly 
marked the Saiga Antelope and less degree Alce), does not depart any radical 
way from the modern hornless Pecora. Indeed, most its deviation from the skull 
structure those animals the direction the higher members the same group. 
Besides the protuberances, the various ridges and processes for muscular attachments are 
naturally much stronger the male, seen the greater prominence, thickness, 
and rugosity the lamboidal, sagittal, temporal, and masseteric crests. From the temporal 
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crests the parietals arise pair horn-like protuberances, which most females are 
mere roughenings the crests. These processes are laterally compressed, elongate 
oval section, and with their long axes running the direction the temporal ridges and 
oblique the sagittal suture; their free ends are rounded and roughened. The second 
pair protuberances are formed the great development the supraorbital borders 
the frontals, which are drawn out into pair large, depressed, wing-like bodies, com- 
pletely overhanging the orbits. These processes are relatively better developed the 
female than any others the paired protuberances. The posterior median elevation 
the frontals not much more conspicuous the males than some females. third 
pair conical, horn-shaped processes arise from the antero-external angle the frontals, 
where they unite with the nasals and lachrymals. Feebly-marked indications these 
processes are seen the female, more decidedly some individuals than others. 
fourth pair protuberances are formed the short, thick, conical processes which are 
given off from the anterior ends the masseteric ridges the maxillaries. These are 
likewise found the female, though very much less strongly developed. From the 
upper margin the maxillaries arise the most anterior and the largest the protuberances. 
whole conformation the maxillaries is, far know, unique among the 
mammalia; the superior borders curve sharply upward into two powerful plates bone, 
the outer side, convex the inner, and rising the level the parietal 
processes, with concave posterior and convex anterior (Osborn and Wortman). 
The the outer surface interrupted two convex ridges, one which the 
continuation upward and forward the masseteric ridge, though its smooth surface shows 
that not part that ridge, and the other the bulging caused the alveolus 
the large canine. the Rapid City, Chicago, New York and Yale collections have 
examined very considerable suite male skulls and have observed extraordinary 
variability the shape and size the especially the anterior, maxillary 
pair; two specimens are entirely alike this respect. least two species are indicated 
these differences: celer Marsh, which Osborn and Wortman fixed the male type, 
the maxillary are antero-posteriorly very broad, curving outward, and widely 
separated the base. nasutus Marsh, the are much narrower and more 
rod-like and unite suturally the base, which arches over the nasal canal. nasutus 
(Plate LX, figs. 2a) strongly suggests that may the beginning the series which 
gave rise the bizarre Syndyoceras the lower Miocene and the still more fantastic 
Synthetoceras the older Pliocene. These maxillary protuberances are, have already 
seen, shown the female skull slight upward arching the borders the maxillaries; 
some specimens they are quite distinct, and have slightly thickened and rugose margins, 
though not any degree approximating their great size the male. Uintatherium 
the maxillary protuberances are rounded and horn-like, while Protoceras they are plates. 
Sus larvatus, recent species from Africa, has maxillary protuberances which are thick 
and very rugose. The infraorbital foramen slightly more anterior position the male, 
and that sex the premaxillary spines are rather narrower, that the incisive foramina 
are somewhat more widely open. the bones the skull are thicker and more massive, 
result which the male skulls are seldom distorted pressure the female speci- 
mens very generally are. 

Still third type skull-structure presented the type Protoceras celer, 
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described and figured Marsh. This specimen imperfect, and some points im- 
portance cannot determined from it. the whole, agrees best with the females 
which have already been described, but none the latter which have seen are the 
parietal protuberances anything more than mere roughenings the temporal crests, while 
the type specimen they are fairly well developed, conical eminences, which are described 
‘‘a pair small horn-cores, situated not the frontals, but the parietals, immediately 
behind the frontal suture. The horn-cores are well separated from each other, and 
point upward, outward and backward, overhanging somewhat the temporal fossae. They 
are conical form, with obtuse Osborn and Wortman, who have compared 
the type with their own specimens, report that these parietal ‘‘horn-cores”’ are about equal 
size the anterior frontal protuberances the male skull figured them, and are 
therefore very much smaller than the parietal protuberances that animal and quite 
different shape. Marsh’s specimen, far can judged from the figures, the median 
frontal eminence would appear more prominent than the females which have been 
described above and the maxillary fossa different shape and more distinctly bounded 
behind. The thinness the maxillaries precludes the supposition that there can have 
been any great protuberances upon these bones. 

Osborn and Wortman conclude that the type specimen was the skull female, 
and this result altogether probable. the same time, however, remarkable that 
among the numerous undoubted female skulls which have been collected, not one should 
show the conical, horn-like protuberances upon the parietals which characterize the type. 
More extensive material will required determine the significance this feature. 
may only individual variation, which the female has approximated the characters 
the other sex, have seen occur sometimes the case the maxillary protuber- 
ances. Or, the second place, the type specimen may represent the female species 
from that which the individuals described this paper belong. 


BRAIN 


specimen the brain-cast preserved the Princeton collection. Osborn 
Wortman’s figures show that was decidedly more advanced than the case any other 
White River genus far known. Their account follows: ‘‘The brain deeply con- 
voluted. observe upon each hemisphere four longitudinal gyri; these, according 
Owen’s nomenclature, would the median, medilateral, suprasylvian, and 
remarkably modern feature this brain the width the cerebral hemispheres, 
compared with their length, and this respect, well its richness convolution, 
superior the brains the small modern deer, such Moschus, Hydropotes, Cervus 
humilis, etc. 

The sulci give more precise means comparison than the gyri. Krueg describes 
the fissures the traguline brain follows: Figur zeigt, dass auf der oberen Seite 
nicht nur die dahin Hauptfurchen, sondern auch ein Theil der auf die Medianseite 
gelegenen Fissura splenialis sichtbar wird. Die Fissura coronalis ist bei allen Zeichnungen 
mit dem oberen Fortsatz der Fissura suprasylvia verbunden. Die Fissura suprasylvia 
zeigt keine Marke zwischen und hinterem Fortsatz. Ausser der sehr kurzen 
Fissura lateralis findet sich nach hinten und aussen von ihr noch eine accessorische Furche. 
Die Hauptfurchen der Lateralseite scheinen alle vorhanden sein. Der 
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Gesammthabitus der Furchen sowohl als der Umrisse ist ausserordentlich 
dem der Elaphier” Cervidae]. the smaller deer, such Moschus, Elaphodus, 
Cervus humilis, the splenial fissure (sulcus calloso-marginalis) extends over upon the dorsal 
surface the hemisphere, the tragulines, the condition which Krueg calls 
while the larger members the group confined the median side 
die Furchen anlangt, ist der Processus acuminis fissurae Sylvii 
gewohnlich lang ausgezogen; dass fast die Kuppel der Fissura suprasylvia erreicht; 
pflegt keine accessorische Furche zwischen beide eingeschoben sein. Die Fissura 
diagonalis ist mit ihrem Hinterende durch einen nach oben gerichteten Fortsatz der 
Fissura suprasylvia 

Osborn and Wortman’s figure shows that the principal Protoceras correspond 
closely with those the larger deer. There and the splenial fissure 
does not appear the dorsal surface; the lateral fissure long and well-marked accessory 
furrow lies between this and the suprasylvian. The latter connected anteriorly with the 
coronal suleus. The diagonal sulcus plainly visible the view from above, but does 
not quite reach the suprasylvian, and the acuminate process the sylvian fissure long. 
The convolutions are thus distinctly advanced and modern type. The cerebellum 
not known, but, Marsh has suggested, its small size indicated the narrowness 
the occiput. 

VERTEBRAL COLUMN 

The skeleton which forms the principal subject this description has twenty-one 
the presacral vertebrae. may conjecture with considerable confidence that the entire 
number such vertebrae was twenty-six, and the five missing ones several are repre- 
sented other specimens. The neck relatively longer than the tragulines Lepto- 
meryx, shorter than Moschus, and rather slender. its actual length almost the 
same the Musk-deer, its shortness compared with the length the skull very 
marked. general characters the atlas like that the Pecora. long proportion 
its breadth, which due the comparatively small lateral extension the transverse 
processes. The anterior cotyles for the occipital condyles are broad, considerable height, 
and widely separated both above and below. Their external borders are quite deeply 
notched, corresponding the similar emarginations the outer sides the occipital 
condyles, which attention has already been called. The ventral incision between the 
anterior cotyles more deeply cut than Cervus, but the articular surfaces for the accessory 
facets developed the tubercles the basioccipital front the condyles are not 
reflected far over upon the inferior arch the atlas that genus. Owing the 
depth this anterior incision and the position the surfaces for the axis, the inferior 
arch not elongate fore and aft the deer, nor keeled ventrally, and the hypa- 
pophysis hardly more than vestige. The arch strongly convex transversely and 
has two shallow fossae upon each its sides. The neural arch likewise short from 
before backward; for though the incision between the anterior cotyles not deep 
the ventral side, that between the posterior pair much deeper. Like the inferior 
arch, the neural strongly convex from side side and the two together form nearly 
circular ring. The neural spine remarkably well developed and conspicuous; much 
compressed, but quite high, and occupies about one half the length the arch. each 
side elevated ridge, enclosing lyrate area, the middle which the spine arises. 
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usual the Pecora, the arch perforated foramina for the first pair spinal nerves. 
The posterior cotyles for the centrum the axis are more oblique and less directly transverse 
than the Pecora; they are quite high, but great width, and the articular surface 
reflected within the ring the atlas, where forms broad, continuous facet for the 
odontoid process. There is, however, facet upon the hinder face the inferior arch 
for the centrum the axis below the odontoid, such occurs the Pecora. The trans- 
verse processes have great width, but they extend out more widely than Cervus 
Moschus, especially toward the posterior end; they are pierced foramina for the inferior 
branches the first pair spinal nerves, but there vertebrarterial canal, there 
Agriochoerus, the swine, etc. 

The peculiar many ways. The centrum very long, much more than 
any other vertebra the neck, and broad and much depressed front, contracted 
the middle, and subcylindrical behind. The posterior surface obliquely placed and deeply 
concave, forming hemispherical pit for the centrum the succeeding vertebra. The 
ventral surface the entire centrum marked prominent but very thin hypapophysial 
keel. The articular surfaces for the atlas are narrow and high, though extending less 
upward along the sides the neural canal than the Pecora. the latter the two 
surfaces are fused together beneath the odontoid process, forming uninterrupted facet, 
and their dorsal ends pass into the pedicles the neural arch. Protoceras the articular 
surfaces not extend beneath the odontoid, but are completely separated wide and 
deep emargination, and still more extensive notch divides the dorsal end each surface 
from the neural arch. The odontoid process neither conical nor spout-shaped, but rather 
semicylindrical, with bluntly rounded point. The upper surface bears median ridge 
with shallow fossa each side it, and the ventral surface gently convex from side 
side. This shape odontoid the half-way stage the conversion the conical into 
the spout-like form. 

remarkable how many the approximately contemporaneous Oligocene genera 
have reached the same stage the transformation the odontoid, and this transformation 
one the most convincing cases parallelism, having been accomplished many 
times independently and always the same way. Proloceras the same stage the 
change Merycoidodon, also Gelocus among the Pecora, Poébrotherium among the camels 
and llamas and Mesohippus among the horses. The resemblance particularly close 
the cases Gelocus and Mesohippus, while Poébrotherium the process wider and 
shorter, and Merycoidodon broader and more flattened than any the genera 
named. The significance this oft repeated change the character the odontoid 
process sought for the relations between the axis the skull and the line the 
neck. the short-necked forms with conical odontoid, will found that the cranio- 
facial axis continuous with the line the neck, or, most, that they form very open 
angle, while the long-necked forms with spout-shaped odontoid, the two lines meet 
more less acute angle. is, course, the highest importance give the spinal 
cord channel without sharp bends, and this accomplished long-necked ungulates 
making the ondontoid concave. 

Protoceras the neural spine the axis different, not only from that the Pecora, 
but also from that most ungulates general, forming great hatchet-shaped plate; 
its upper margin descends gentle, regular curve, from behind downward and forward, 
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describing arc about 45°. The free border but slightly thickened and rugose and 
the whole plate very thin and delicate, though some cases the hinder border much 
thickened. The posterior zygapophyses are prominent, present obliquely downward and 
outward and have facets which are slightly concave transversely. The transverse processes 
are short and very slender, and their bases have great antero-posterior extension along 
the sides the centrum. The foramina the axis are quite different from those found 
the Pecora. the latter the pedicles the neural arch are perforated for the exit 
the second pair spinal nerves, and, the vertebral artery enters the neural 
canal between the arches the second and third vertebrae,” the transverse process 
generally not perforated the vertebrarterial canal, but pierced anteriorly the 
inferior branch the second spinal nerve. Protoceras, the other hand, the pedicle 
imperforate, the nerve passing out through the deep notch which separates the atlanteal 
facet from the neural arch. the transverse process arises behind this point, does not 
traverse the path the inferior branch the nerve, and hence there foramen for that 
branch. The process perforated, however, the vertebarterial canal, both openings 
which are present, and the artery probably entered the neural canal between the arches 
the atlas and the axis. 

The fifth cervical relatively short, both actually and proportionately shorter than 
Moschus, animal which agrees well with this species stature. The centrum 
depressed cylindrical shape, strongly opisthocoelous and the faces are markedly oblique 
the long axis the vertebra. the ventral surface prominent, but very thin 
and fragile, keel, which terminates posteriorly hypapophysial tubercle. The neural 
arch broad and nearly plane the dorsal side and carries spine which much higher 
than Moschus and which tapers and rapidly becomes very slender, though its base 
occupies nearly the whole length the neural arch. The zygapophyses are large and 
widely separated the two sides; the anterior pair are the narrower and present obliquely 
inward well upward. the obliquity the centrum more decided than that 
the neural arch, the pedicles the arch are very low front, and hence the ventral sides 
the prezygapophyses are separated from the centrum only narrow notches. The 
postzygapophyses are larger and more prominent than the anterior pair and project directly 
downward, almost without obliquity. The neural canal broad and low, especially 
front; posteriorly the increased height the pedicles and obliquity the centrum give 
greater height. The transverse process mutilated both sides that its exact shape 
cannot determined. Enough remains, however, show that its origin the centrum 
less extended the fore and aft direction than Moschus and consequence the pos- 
terior orifice the vertebrarterial canal occupies more advanced position than that 
genus. 

The cervical has centrum nearly the same length the fifth, and 
similar depressed cylindrical shape. The anterior face strongly convex and hemispherical 
shape, with large shallow pit, sulcus, for the attachment the intervertebral carti- 
lage; the posterior face strongly concave, but both faces are much less oblique with 
reference the long axis the centrum than the fifth vertebra. The ventral keel 
very feebly developed and does not terminate behind tubercle, but simply dies away. 
The neural arch very short antero-posteriorly; this due the manner which the 
arch cut away between the prezygapophyses. The axis the neck undergoes marked 
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change direction between the fifth and sixth vertebrae and this provided for the 
projection the anterior zygapophyses the latter. These are broader, slightly more 
elevated and less oblique than the fifth, while the postzygapophyses are very much the 
same both, except that No. the articular surface continued down upon the neural 
arch, forming accessory facet; the pedicles the neural arch are higher and hence the 
neural canal more rounded and less depressed. The spine does not appear much 
higher, but decidedly thicker and heavier and inclines forward about the same degree. 
always the case the sixth vertebra, the transverse process very clearly divided 
into diapophysial and pleurapophysial elements. The former stout, depressed rod, 
which stands out nearly right angles with the centrum and having the distal end expanded 
the fore and aft direction; this process decidedly more prominent than Moschus. 
The pleurapophysis very large plate, slightly convex the inner side and concave 
the outer, with thickened free border, especially the angles. This element developed 
very much the Musk-deer, but greater vertical height and the inferior face 
the centrum more clearly demarcated from the origin the plates. 

The seventh cervical the shortest the series and has centrum shape differing 
from that all the others; narrow front and the anterior portion sharply 
constricted that appears stand upon short neck; behind this immediately broadens 
and the posterior face wide and depressed and displays facets for the heads the first 
pair ribs. The faces are still somewhat oblique position. The neural arch very 
short, being cut away between the prezygapophyses, also the case the sixth vertebra, 
another marked change the direction taken the spinal column occurring this point. 
The prezygapophyses are very large and widely separated; for most their extent they 
face upward, with but little obliquity, but the articular surface reflected downward upon 
the inner side the process and presents inward. This accessory facet articulates with the 
corresponding one the outer side the neural arch the sixth vertebra, which has 
already been described. The postzygapophyses are very small, hardly third large 
the anterior pair. The neural spine higher than that the sixth, but much larger 
every other dimension and looks like truncated thoracic spine, which stands erect, 
instead pointing forward the other cervicals. The transverse process quite 
long, depressed bar, which, usual, imperforate. This vertebra differs from the corre- 
sponding one Moschus the heavier neural spine, the much more decided lateral pro- 
jection its zygapophyses and the longer transverse processes. 

The dorsal vertebrae were probably fourteen number. Their number cannot 
have been less than twelve, since many are preserved single specimen and not 
form entirely unbroken series, and can hardly have exceeded fourteen, because the same 
specimen has preserved five lumbars, apparently the entire series. not impossible, 
course, that the typical artiodactyl formula nineteen thoraco-lumbar vertebrae was 
exceeded this genus. 

The first dorsal has short, broad, depressed and opisthocoelus centrum. 
The prezygapophyses are like those the seventh cervical, but smaller, more concave, 
and without the internal accessory facet. The neural arch narrower and more strongly 
convex and the spine thicker, though less antero-posterior extent, and inclined back- 
ward instead being the postzygapophyses are the inferior face the overhanging 
neural arch. The pedicles the arch are very narrow their point origin, being 
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deeply notched behind for the passage the spinal nerves. The transverse processes are 
long, heavy and prominent and end large concave facets for the tubercles the first 
pair ribs. Compared with the corresponding vertebra Moschus, the chief differences 
observed consist the greater breadth the neural arch and the longer transverse 
process the fossil. 

The first and second dorsal vertebrae are somewhat different from the others, since 
they form transition from the structure the cervicals. The second has rather more 
trihedral and less depressed centrum than the first, somewhat heavier and longer spine 
and shorter transverse processes. The prezygapophyses are the anterior face the 
neural arch, but are widely separated. From the second the sixth dorsal the centra 
gradually become shorter, less depressed, and more distinctly trihedral section; the 
transverse processes shorten and terminate smaller flat slightly convex facets for the 
rib tubercles, instead concave surfaces; the spines increase length and the zygapophyses 
draw near the median line. The sixth appears have the longest spine the series, 
though this point cannot determined with certainty. Back this the spines gradually 
decrease height, but still incline strongly backward until the (supposed) eleventh thoracic 
reached, which the anticlinal vertebra. The transverse processes continue long and 
prominent and still have relatively large rib-facets, but the eleventh (?) they are greatly 
reduced and disappear the twelfth (?). The latter has postzygapophyses the cy- 
lindrical pattern and corresponding anterior processes appear the thirteenth (?). The 
centra the posterior thoracic vertebrae have become considerably elongate; they have 
faces, but are constricted and trihedral section the middle. 

The thoracic region about the same length Moschus and similar general 
appearance, but comparison the two genera brings light number differences 
the details structure. Thus, Protoceras the transverse processes are decidedly longer, 
especially the hinder part the region. Moschus the spines the posterior vertebrae 
are lower, but much more extended from before backward, especially the tips, which 
from the tenth the thirteenth are thickened and project beyond the spine both front 
and behind. this genus also the ninth, tenth and eleventh vertebrae have metapophyses, 
which are particularly prominent the tenth and eleventh. the fossil these arise near 
the ends the transverse processes. 

The lumbar numbered least five. the anterior region the centra are 
shaped like those the posterior thoracic series, but pass backward, they become 
more and more broadened and depressed; the centrum longest the second, third and 
fourth, slightly shorter the first and considerably the fifth. The zygapophyses 
are the usual cylindrical, interlocking, artiodactyl type, but episphenial processes are 
developed. Large and conspicuous metapophyses are present, which Moschus are 
hardly more than rudiments. The neural arches and spines are more traguline shape 
and appearance than pecoran; the arches are short from before backward, being deeply 
cleft between the postzygapophyses, which not the case Moschus, and the pedicles 
the arches are not perforated the spinal nerves (as they are the modern genus) which 
pass out through the notches below the postzygapophyses. The spines are less extended 
antero-posteriorly than the Musk-deer and resemble rather those Tragulus, being 
slender and curved forward. The transverse processes are likewise quite different from 
those Moschus. the latter they are slender and depressed, extending downward 
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well outward, and are not all like the broad, plate-like processes the higher Pecora. 
Protoceras, the other hand, they are very long, very broad and thin, rounded the 
tip and but slightly decurved, and are thus the typical pecoran shape. The process 
quite short the first lumbar, much longer the second and reaches its maximum length 
the third, while the overlapping ilium prevents its attaining any great length the fifth. 

sacral and but one caudal vertebra preserved any the specimens. The 
latter belongs the proximal part the tail and has relatively large subcylindrical 
centrum, which indicates that Protoceras had much better developed tail than Moschus 
than the modern deer generally, and which was comparable proportionate length 
that the giraffe. The prezygapophyses are very long, but not appear articulate 
with any other vertebra. The specimen belongs younger and somewhat smaller 
animal than the skeleton here described and both epiphyses are lost. 

The Ribs: many primitive artiodactyls, such Merycoidodon, the ribs are notably 
slender and subcylindrical, resembling those the cavicorns. Protoceras they are 
entirely ruminant and resemble those Moschus general, but their somewhat greater 
length and curvature and the increased distance between the head and tubercle point 
wider and more capacious thorax. The anterior ribs are short, subcylindrical proximally, 
expanded and plate-like distally; the maximum length attained about the middle the 
thorax; posteriorly the ribs become continually more slender and rounded, well shorter. 


The scapula entirely ruminant character and quite different from that the 
primitive artiodactyls. outline forms high, narrow triangle, with very slender neck. 
The glenoid cavity shallow and nearly circular shape and the coracoid forms promi- 
nent, recurved hook, which entirely like that Moschus. The spine placed near 
the anterior margin, that the prespinous fossa very much smaller than the postspinous. 
The spine itself rises rapidly from the suprascapular border and becomes unusually high 
and prominent; its free border not, most ruminants, erect edge, but almost from 
the start curved over toward the posterior side, the curvature increasing distally. Thus, 
the hinder surface the spine deeply concave and its front convex manner resembling 
the scapular spine Mesoreodon, but unlike that genus, there distinct metacromion. 
The acromion longer, broader and thicker than the existing Pecora. The coracoid 
border not quite straight, but rises from the neck with slight curvature, which concave 
below and convex above. The other two borders are straight. Both the coracoid and 
glenoid borders, and especially the latter, are thickened and elevated, making both the 
pre- and postspinous fossae somewhat concave. The subscapular fossa also rendered 
slightly the elevation its borders. 

The humerus short and stout. The head large, strongly convex the antero- 
posterior direction and projecting back well beyond the line the shaft; much larger 
proportion the length the bone than Moschus. The external tuberosity very 
large, forming high, massive ridge, which extends across the whole anterior face the 
bone, elevated much above the level the head, and rises toward the inner side, where 
forms blunt, recurved hook, overhanging the bicipital groove. The internal tuberosity 
small and laterally compressed, while the bicipital groove deep and rather narrow. 
The tuberosities are more conspicuous than Moschus and (apparently) than Gelocus. 
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The deltoid ridge but little better developed than the former genus. The shaft 
short and heavy; its proximal portion laterally compressed, but very thick antero- 
posteriorly; the middle part thicker and more rounded section, and the distal portion 
but moderately widened and has short but quite prominent and rugose supinator ridge. 
The anconeal fossa small and triangular shape; considerably lower and broader 
than Gelocus. The supratrochlear fossa quite deep, but there perforation 
the bone this point. 

The trochlea placed obliquely the long axis the shaft, descending somewhat 
toward the outer side. The intercondylar ridge round tuberosity, which much 
broader and more median position than Gelocus, though less than Merycoidodon, 
the humeral trochlea which that Protoceras bears but little resemblance. The 
internal epicondyle much less prominent than the latter genus, though decidedly 
more than Gelocus the Recent ruminants. 

The ulna and radius are old individuals co-ossified the distal end, but separate 
for most theic length. The two bones are, however, closely applied together throughout 
and the radio-cubital arcade both short and narrow. The ulna less reduced than 
the recent Pecora and the olecranon higher, straighter, and projects less backward; 
its free end thickened and rounded, almost club-shaped, instead being squarely trun- 
cate, and the along the summit shallow and obscurely marked. The sigmoid 
notch has salient beak and shows fully differentiated humeral articulation; the 
proximal side the notch the humeral facet extends across the whole width, but distally 
the facet abruptly contracts and confined narrow strip along the internal border. 
The shaft the ulna reduced compared with that the oreodonts, suillines, 
but less than the existing Pecora, even than and the tragulines; 
its proximal portion, convex the inner, concave the outer side; distally, this 
arrangement reversed. The shaft tapers inferiorly, but shows considerable expansion 
the antero-posterior direction about three-fourths inch from the distal end, from 
which rapidly tapers again. The distal end much larger than the Recent 
ruminants and occupied saddle-shaped facet for the pyramidal. 

The radius has nearly the same proportions Moschus, but somewhat longer. 
The head transversely expanded, particularly toward the ulnar side, and antero-posteriorly 
compressed; occupies the entire distal surface the humerus, the ulna having but 
minute facet for this portion the latter. The proximal surface divided into three 
nearly equal facets for the corresponding divisions the humeral trochlea. The shape 
the pit the radius Protoceras is, far goes, point resemblance 
the oreodonts, but the other humeral facets and the whole shape the head are entirely 
different. these characters are retained with remarkable persistency throughout the 
whole history the oreodonts and even Agriochoerus, the difference not unimportant. 

The shaft the radius nearly uniform size throughout, and strongly arched 
forward; rather slender, but yet the typical modern ruminant shape, trans- 
versely oval section. The distal end moderately expanded and thickened and bears 
two roughened, elevated ridges which enclose sulcus for the extensor tendons. The 
distal facets for the carpus seem show some variations which may more less due 
age. the young specimen described Osborn and Wortman these writers say: 
process bone which bears this facet [i.e., for the scaphoid] not produced backward. 
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Tragulus, nor has the marked obliquity seen Leptomeryx and Cariacus and, 
less degree, Tragulus. The scaphoid facet not sharply defined prominent 
ridge from that the lunar, Cariacus, and Tragulus, the two articular 
surfaces being quite continuous the adult female skeleton which have 
been considering, the process bone bearing the scaphoid facet produced backward 
more than and almost much Moschus, though the lunar does not abut 
against the ulnar side the process extensively that genus. The scaphoid facet 
distinctly divided from that for the lunar ridge which prominent even front, 
though much less than the modern ruminants; concave front and convex 
behind. The lunar facet rather narrower than the scaphoidal and similar shape, 
but the posterior convexity much less extended toward the palmar side. The straight 
course taken the facets, which Osborn and Wortman have attention, 
difference from all the modern selenodonts, and even such ancient forms Anoplotherium 
and the facets run obliquely from before backward and inward. the camels 
this obliquity not very marked. another respect Protoceras differs from all the 
existing Pecora, Tylopoda and Tragulina, viz., the absence any facet upon the radius 
for the pyramidal. 

The carpus remarkably primitive, compared with the great degree moderniza- 
tion displayed the skull. Schlosser long ago called attention the fact that constant 
difference between the more ancient and the later artiodactyls was found the much 
greater relative height (vertically) the carpus the former, especially with regard 
the distal elements. This ancient feature decidedly marked Protoceras the 
oreodonts. the shapes the individual bones, the other hand, may seen some 
approximation modern conditions. The scaphoid high, but not much extended 
transversely antero-posteriorly. Its shape thus entirely different from the almost 
cubical Merycoidodon, and though considerably higher, shaped more 
Moschus. The radial facet consists anterior convexity, and posterior concavity. 
the tragulines the scaphoid relatively much narrower and the anterior convexity for 
the radius much higher and rising steeply toward the ulnar side, while the inner side 
excavated for descending process the radius. The proximal surface the scaphoid 
thus much more like that Moschus than the tragulines. The distal end very 
different from that seen any the groups mentioned above; occupied two dis- 
separated facets, for the trapezoid and magnum respectively. The former rather 
the smaller the two and simply concave and irregularly oval shape. The magnum 
facet stands somewhat lower level than that for the trapezoid and nearly flat 
front, becoming concave posteriorly receive the head the magnum. There 
distinct facet for the trapezium, though Osborn and Wortman state that the two bones 
are contact. the ulnar side are two facets for the lunar, one proximal and one 
distal, and both nearer the dorsal than the palmar border. the Pecora and 
Tragulina these facets are changed the coalescence the magnum and trapezoid. 
Poébrotherium, the other hand, find condition very like that Protoceras, with the 
addition minute facet for the trapezium. 

The lunar remarkably high and narrow, narrower even than the scaphoid, which 
the reverse the proportions found Moschus and Tragulus, though Dorcatherium 
(Hyaemoschus) the lunar the narrower the two. The proximal end but little ex- 
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panded and nearly uniform width its dorsal face, though somewhat constricted 
the middle the radial side. The radial facet broader and convex front, narrower 
and behind. The distal end described and figured Osborn and Wortman 
having articular surface divided almost equally between the unciform and 
This description does not quite apply the adult female skeleton which here described. 
While the two facets are not far from being equal width, comparison with Dorcatherium 
and Moschus shows tendency toward the traguline method displacement, that the 
facet for the magnum more lateral and that for the unciform more distal. Consequently, 
the salient beak formed the meeting the two surfaces not the vertical median 
line, the Pecora, but shifted toward the radial side. The magnum surface 
the narrower the two, but extends farther toward the palmar side; slightly convex 
front and concave behind, while the unciform facet concave throughout. The scaphoid 
facets correspond those already described that bone. the palmar side the proximal 
end the lunar rises somewhat above the level the scaphoid and has accessory lateral 
facet for the radius, though the contact less extensive than recent Pecora. Another 
radial facet the proximal end lies behind the principal one. the ulnar 
side the bone are two facets for the pyramidal, the proximal one which flat and 
confined the dorsal half the lunar, while the distal one concave and extends through 
nearly the entire depth. 

The pyramidal relatively broad, but proportionately small dorso-palmar depth; 
its principal difference from that existing tragulines and Pecora consists the absence 
any facet for the radius. these groups the displacement the ulna some extent 
compensated extension the ulnar facet posteriorly and down upon the outer side, 
but Protoceras the ulnar facet remains narrow groove. the Pecora, the infero- 
external angle the bone slightly incurved form blunt hook. The pisiform facet 
broad and flat above, narrow and concave below, where extends down upon the hook. 
The distal end occupied the wide and shallow (fore and aft) facet for the unciform. 

The neither traguline nor cervine character, but differs from that the 
Musk-deer much the latter does from the larger species Cervus. 

compared with the pisiform Moschus, somewhat longer and more slender 
and but slightly incurved the tip. the other hand, differs much more radically 
from the straight, slender, and elongate pisiform the oreodonts, and tends distinctly 
toward the shape taken the Pecora. short, deep, and compressed, rugose and 
somewhat incurved distally. The facets for the ulna and pyramidal are continuous; the 
former small, triangular and plane; the latter larger, irregular outline, and 
saddle-shaped. 

The trapezium not preserved any the specimens the Princeton collection, 
but, fortunately, Osborn and Wortman are able assure its presence. 

significant feature the carpus Protoceras, pointed out the authors just 
mentioned, the complete separation the magnum and trapezoid, Poébrotherium 
and the Tylopoda generally. The trapezoid quite high and deep the dorso-palmar 
direction, but very narrow; somewhat wedge-shaped, broad behind and thinning 
edge antero-externally. Its proximal surface forms rounded, convex head for the 
scaphoid, the articular surface which continued down upon the palmar side, doubtless 
for the trapezium. The contact with the magnum means two facets which meet 
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the middle the ulnar side. Distally the trapezoid bears triangular, nearly plane 
surface for the second metacarpal, but has contact with the third. 

The magnum relatively high and narrow, compared with that the recent 
Pecora. The dorsal face subquadrate outline, the palmar very much narrower, and 
the posterior hook, though stout and rugose, very short. The proximal surface 
unequally divided between the facets for the and lunar. Anteriorly the scaphoid 
facet takes quite two thirds the width the magnum and here slightly concave. 
Upon the the surface convex, and, the dividing ridge crosses the head obliquely, 
this region more equally shared between the two facets. The lunar facet much narrower 
than that for the front more decidedly concave and lateral rather than 
proximal position; the head, however, the surface which supports the lunar truly 
proximal. the radial side the small facets for the trapezoid and second metacarpal 
meet open angle and form salient edge. The distal surface occupied large 
saddle-shaped facet for the third metacarpal, and rising from this small one for the 
second. 

The unciferm large bone, though smaller than the scaphoid, which exceeds 
every dimension save that thickness; is, however, notably high proportion its 
width. The posterior hook, which the Pecora, including even Moschus, vestigial, 
still well developed, though smaller than many ancient forms the Artiodactyla, 
e.g., Bothriodon. The proximal surface has two facets, narrower one for the lunar and 
much broader one for the pyramidal. The former low and slightly concave front, 
rising behind into convex head like that the magnum. The pyramidal facet con- 
tinued down over the ulnar side the bone, almost reaching the surface for the fifth 
metacarpal. The magnum surface confined minute strip near the dorsal side, 
above the facet for the third metacarpal. The latter surface much more extensive than 
those Pecora which the metacarpals have coalesced form cannon-bone and 
even larger than Gelocus. The distal surface taken the large facet for the 
fourth metacarpal; that for the fifth very much smaller and rather lateral than distal. 

The metacarpus contains four elements. The median pair (III and IV) have attained 
about the same stage development, regards length and slenderness, Gelocus, 
and are therefore relatively longer than the more ancient artiodactyls, Xiphodon excepted. 
The laterals (II and have the same time retained size and importance which 
utterly unknown the Pecora and far exceeds what found the tragulines. All 
the digits remain free throughout life. The mode connection between the carpus and 
metacarpus might with almost equal propriety called ‘‘unreduced”’ 
use Kowalevsky’s terms, because this manus not reduced farther than involved 
the loss the pollex and enlargement the median digits. Osborn and Wortman 
have suggested, vestigial first metacarpal may have been present. This suggestion 
made more probable the fact that the proximal end metacarpal has its internal 
angle truncated and slightly hollowed for the space about half inch, for the 
reception short splint-bone. This surface much too large have been occupied 
entirely the trapezium, and nothing the kind apparent me. 

The second metacarpal has narrow, triangular head, with plane surface for the 
trapezoid, and the ulnar side minute facet for the magnum, which oblique and rises 
above the top me. III. The small size this facet, compared with the same such 
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genus Ancodus, indication that the connection the magnum with me. was 
undergoing reduction. The shaft slender, compressed, strongly curved, and trihedral 
section, the apex the triangle being the contact with III. The distal end 
slightly thickened and expanded, but the trochlea narrow and rounded. 

The third metacarpal the longest the series, extending both above and below 
IV, also the case Merycoidodon and Bothriodon. The head but little expanded, 
the longest diameter being the dorso-palmar one, and the head not being extended toward 
the radial side, Gelocus, which me. III covers nearly quite all the distal 
surface the co-ossified magnum and trapezoid. The proximal surface taken the 
large, slightly saddle-shaped facet for the magnum, while stout, oblique process overlaps 
the head me. IV, and abuts against the unciform; this unciform process longer and 
more prominent than Gelocus. There facet for the trapezoid, me. III being cut 
off from that bone the connection with the magnum. the palmar side 
the head small circular facet, which projects strongly toward the ulnar side and 
articulates with corresponding facet me. The shaft nearly uniform diameter 
throughout, thickening somewhat toward the distal end; section irregular quad- 
rate, with nearly equal transverse and dorso-palmar diameters, but the palmar surface 
much narrower than the dorsal. The ulnar side the shaft me. III and the radial 
side me. are flattened, that the two bones are closely approximated. The distal 
trochlea very different and resembles the pattern found Gelocus and Poébrotherium. 
The carina confined the palmar side. The radial side the shaft flattened for about 
two-thirds its length the contact me. 

Compared with the third metacarpal Gelocus that Protoceras straighter, with 
less broadened and thickened head, has excavation its radial side for the head 
me. II, and large unciform process; otherwise the two are much alike. 

The fourth metacarpal the counterpart the third, except that shorter and 
rather more slender proximally, while the distal portion the shaft somewhat broader 
and more compressed antero-posteriorly. The head broader than the shaft, but has 
greater fore-and-aft diameter, owing the presence palmar projection. The unci- 
form facet slightly concave transversely. Both the median metacarpals are propor- 
tionately short; while the scapula and the fore-arm bones are considerably longer than 
Moschus, the median metacarpals are noticeably shorter, and even the Musk-deer the 
anterior cannon-bone means elongate. The relative length the metacarpals 
Protoceras more nearly that seen Dorcatherium. 

Metacarpal shorter and distinctly more slender than me. II, but otherwise shaped 
like it; the head has rugosity the ulnar side for ligamentous attachment. The unciform 
facet small, triangular shape and, but for small convexity the middle, plane; 
rises steeply toward the ulnar side, present internally almost much proximally. 

The phalanges are short, both proportion the size the animal and the length 
the metacarpus, but are for the most part typically ruminant pattern, nevertheless. 
The proximal phalanx slender and relatively longer than Dorcatherium, though shorter 
than Moschus and nearly straight. the proximal end the dorso-palmar and trans- 
verse diameters are nearly equal; the metacarpal facet not concave and only the palmar 
border notched for the metacarpal carina. The distal end depressed, wider than deep, 
and its trochlea obscurely divided shallow notch into two 
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The second phalanx notably shorter and rather broad and depressed, the transverse 
diameter exceeding the dorso-palmar. This phalanx thus quite different shape 
from that which characterizes the recent chevrotains and Pecora. ‘The distal trochlea 
neither deeply grooved nor reflected far upon the dorsal side the bone. 

The ungual phalanx altogether ruminant character, its shape being trihedral, 
slender and pointed; not slender and elongate Moschus, nor curved and 
depressed the tragulines, and less symmetrical than Poébrotherium, indicating 
that the median digits were more closely approximated than that genus. 


VI. AND PEs 


The hind leg much longer and heavier than the fore leg all its parts. The dis- 
proportion is, however, means great Tragulus, but rather resembles the con- 
dition found Moschus. the living animal the increased length the hind leg was 
compensated the greater habitual flexure the knee and hock joints. 

The Pelvis pecoran rather than traguline character. The ilium has thin and 
compressed, but rather short and deep, plate-like neck, which expands gradually into the 
large and everted anterior portion. The outline the anterior suprailiac border 
like that Cervus more than Moschus having distinct upper and lower projections. 
The sacral articulation placed unusually far back, nearly the whole the anterior ex- 
pansion being front it. acetabular and pubic borders are quite widely separated 
their points origin, but approximate forward; and the anterior part the iliac surface 
narrow groove. The ischial border, which Tragulus nearly straight, arched 
upward above the acetabulum into crest, the Pecora. The fossa front the 
acetabulum small, nearly circular outline, and deep; the fossa for the ligamentum 
teres encroaching but little upon the articular surface. The ischium long, deep vertically, 
laterally compressed and plate-like form. the posterior end considerably ex- 
panded, the dorsal border rising more gradually and not forming overhanging hook, 
Moschus. The tuberosity rather small, but prominent and rugose and situated 
higher than the recent genus. The pubis its point origin slender and 
rounded, depressed section; but soon expands and becomes plate-like, the Pecora, 
not having the rod-like character the Tragulina. The obturator foramen 
long, narrow oval, considerably more elongate than Moschus. whole, the pelvis 
thus distinctly pecoran type. 

The femur much like that Moschus, though not without some considerable 
differences. Thus, the head less distinctly set upon neck and ovoidal rather than 
hemispherical shape. The great trochanter broader, more massive, and rises higher 
above the level the head; the deep digital fossa does not extend far behind the head 
and the ridge connecting the great trochanter with the second much more prominent. 
The second trochanter forms large, rugose, pyramidal protuberance. These differences, 
obvious, are mere matters detail; and the proximal end the femur much more 
like that Moschus than that Tragulus. resemblance the latter seen the 
shaft, which heavier than Moschus, well longer, but has similar rounded shape 
and strong anterior curvature, and the external linea aspera much better marked and 
longer. The pit for the attachment the plantaris muscle larger and deeper, but has 
not such rugose bottom and not conspicuous when viewed from the side, which 
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due the fact that the Musk-deer the outer wall the pit cut away. The rotular 
groove very different from that Moschus. the latter the groove narrow, sym- 
metrical, with borders equal height and thickness, and continued well upon the 
anterior face the shaft, while Protoceras find condition more like that the 
larger deer, though not the same degree development. this genus the trochlea 
broad and shallow; the inner border considerably higher and thicker than the outer 
and the articular surface reflected over upon the mesial face the bone; but there 
such vertical prolongation the groove upon the shaft. The characteristic rotular trochlea 
the tragulines, which also found Leptomeryz, quite different from that Protoceras, 
which this respect approximates more the higher Pecora. The condyles are narrow 
and project less behind the plane the shaft than Moschus, more than Tragulus. 
The patella remarkably large proportion and somewhat peculiar. the 
same general shape the Musk-deer, broad above and tapering below blunt point, 
but more massive and rugose and larger every dimension. The fossa for the inner 
border the femoral rotular groove more deeply impressed than that for the outer 
border, and its internal edge forms prominent projection, which extends along the mesial 


the femur. There considerable individual perhaps specific variation the 


shape the patella. One specimen broader and less tapering than the one above 
described, and its inner prominence not much produced. 

Though longer and heavier than the tibia Moschus, that Protoceras essentially 
the same character. The condyles for the femur are rather narrow, but well extended 
from before backward; the spine bifid and unusually high, but this may part due 
the crushing which the specimens have undergone. The cnemial crest very prominent, 
ends above massive rugosity and the sulcus for the flexor tendon deeply incised. 
The shaft has the characteristic double curvature, both anteriorly and laterally, and the 
general shape found the smaller Pecora; the astragalar surface constituted very much 

The proximal portion the fibula co-ossified with the tibia, Moschus, Tragulus, 
ete., and this portion considerably thicker proportionately than the genera named, 
likely that good length the slender, filiform shaft was preserved the living animal. 
Osborn and Wortman state that the distal end forms distinct malleolar bone, which 
shaped the Pecora and wedged between the calcaneum and the distal end the 
tibia. They find reason believe, however, that the fully adult animal the two bones 
may coalesce, the tragulines. the latter group the malleolar bone, even when 
separate from the tibia, according Flower, sometimes Dorcatherium, has quite 
different shape from that the Pecora. The tibia and fibula are remark- 
ably like those Protoceras almost every respect. 

The tarsus unites condition primitiveness with highly advanced characters. 
The caleaneum thoroughly pecoran shape; the tuber quite elongate (more than 
Moschus, less than Cervus Gelocus), compressed, with nearly parallel dorsal and 
plantar borders, tapering less the distal end than the Musk-deer, and with less definitely 
marked tendinal the free end. The sustentaculum very prominent and 
once distinguishes this caleaneum from that any the oreodonts. The fibular facet 
not much elevated Moschus Cervus, but longer antero-posteriorly; the inner 
surface this prominence bears facet for the astragalus. The distal astragalar facet 
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forms broad, flat band, which connected with the cuboid facet. The latter surface 
relatively broader than the Pecora, but has much greater dorso-plantar extent than 
Moschus, the caleaneum not being suddenly constricted distally that genus. 

The astragalus higher and narrower than Recent Pecora, primitive character 
which repeated such genera Gelocus, Poébrotherium, etc. The proximal trochlea 
widely and deeply grooved, and the external condyle slightly higher and thicker than 
the internal, and separated from the corresponding distal surface much wider 
interval than the modern deer; the sustentacular facet also relatively narrower than 
those animals. The distal astragalar trochlea not only higher and narrower than 
the existing Pecora, but also differently proportioned. The cuboidal surface, the 
first place, distinctly narrower relation that for the navicular. the second place, 
the junction the two facets marked quite prominent angulation, while the 
modern forms this low, rounded swelling. Poébrotherium again agrees with Protoceras 
this respect, though the cuboidal facet broader the former. 

There would appear considerable variation with regard the co-ossification 
the various tarsal elements. Osborn and Wortman say: our young specimen 
Protoceras the cuboid and navicular are perfectly free, but the adult specimen there 
some bony union. The line junction, however, clearly indicated more less 
open suture. What here said the cuboid and navicular also applies the cuboid 
and ectocuneiform, far least the union the latter with the cuboid concerned. 
There appears tendency bony union the ectocuneiform with the 
the Princeton collection are feet belonging individuals which are not only adult but 
aged, and none them there any ankylosis the cuboid with the navicular the 
ectocuneiform with either. 

Like the astragalus, the cuboid higher than the Recent Pecora; the calcaneal 
surface relatively wider, the astragalar facet narrower than those animals. The 
facet wider than the corresponding distal portion the bone and hence forms 
overhanging ledge. The astragalar surface narrow and simply concave the dorso- 
plantar direction; shortly behind the point where the two facets join, they are narrowed 
circular sulcus and another invades the astragalar facets both cuboid and navicular. 
The principal diameter the cuboid the dorso-plantar, due partly the large size 
the posterior hook, which more less vestigial the modern Pecora. the inner 
tibial side the cuboid about one-half the height occupied the navicular, which 
supported two narrow, ledge-shaped projections, the posterior one which con- 
siderably more prominent than the anterior. Below the ledge the dorsal side flat 
facet for the ectocuneiform and there additional facet for this bone the middle 
the cuboid. The distal surface occupied the large and somewhat irregular facet for 
the fourth metatarsal, which convex front and concave behind. The facet for the 
fifth metatarsal very small and entirely lateral position, much Poébrotherium. 
additional facet for the plantar projection mt. formed the infero-internal 
side the cuboid hook. 

The navicluar higher than the recent Pecora, but not otherwise notably different. 
The astragalar surface concave, but has low, rounded ridge the fibular border for 
the groove the distal trochlea the astragalus. the proximal dorsal margin this 
ridge forms elevation which less distinctly marked than most the existing Pecora. 
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The portion the circular sulcus above mentioned invading the approximate astragalar 
surfaces the cuboid and navicular, which affects the latter, forms channel groove 
along the whole fibular side the bone. the same side are two well-defined facets for 
the cuboid, which that the plantar side the larger and presents more inferiorly. 
the distal side are two very distinctly separated facets for the cuneiforms. The anterior 
one, which for the coalesced ecto- and mesocuneiforms, L-shaped, occupying the dorsal 
and tibial sides the bone. The surface for the entocuneiform relatively very large 
the dorso-plantar direction, but very narrow transversely; placed downward 
projection from the distal face the navicular and stands considerably lower level 
than the facet for the compound bone. The posterior hook from the plantar side the 
navicular, which conspicuous the oreodonts, absent Protoceras. 

nearly all known selenodonts, recent fossil, the meso- and are 
indistinguishably fused together. The compound element thus formed nearly broad 
the cuboid, and much greater vertical height relatively than the Recent Pecora; 
articulates with the second and third metatarsals. 

The much larger proportionately than the recent Pecora Tragu- 
lina; its principal dimension the vertical one and forms high, deep, and compressed 
plate, which has numerous connections. Proximally articulates with the navicular and 
distally with the head the second metatarsal, also with the projection from the plantar 
side the third. the Pecora this latter articulation does not exist. 

The Metatarsus consists four elements, two which (mt. and are splint 
bones and two (III and IV) are large functional digits. one the specimens described 
Osborn and Wortman the second metatarsal more than one-third the length the 
functional pair, but ordinarily much shorter and forms narrow, compressed splint, 
tapering point inferiorly. articulates with the mesocuneiform portion the com- 
pound element and long surface with the entocuneiform. 

The third metatarsal very much larger, longer, and heavier than the corresponding 
metacarpal. The head bears large, somewhat concave facet for the compound cuneiform; 
the posterior hook-like projection, which existing Pecora has become vestigial, very 
large and prominent and bears oblique facet for the entocuneiform, also the case 
Merycoidodon. the tibial side the head deep fossa which the proximal part 
mt. lies and the fibular side narrow, concave facet into which projection from 
mt. received. The shaft stout, slightly contracted the middle; proximally 
laterally compressed and has its greatest diameter the dorso-plantar direction, while 
distally broadened and flattened and its longest diameter transverse. This 
accordance with the shape the metatarsal the Pecora, which the hind cannon-bone 
laterally compressed its proximal portion, while the fore cannon-bone compressed 
palmo-dorsally, but Protoceras the difference not distinctly marked. The contact 
surfaces the median metatarsals are flattened, allowing the two very closely 
approximated; the plantar side also flattened, but the dorsal and lateral surfaces form 
one continuous curve. The distal trochlea strongly convex and demarcated from 
the shaft shallow pit; the carina, the metacarpal, confined the plantar side, 
but little more strongly developed than the manus. 

The fourth metatarsal the counterpart the third and exceeds but very slightly 
length; projects somewhat below the distal end mt. III, but this nearly compen- 
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sated the fact that the head the latter rises little above that mt. The plantar 
hook very prominent and bears facet for the one upon the hook the cuboid. The 
fibular side excavated for the head mt. and there minute articular surface for 
that bone; the fossa, however, not nearly wide and deep that mt. III, which 
receives mt. II. The articulation with mt. III means small but prominent 
process the dorsal margin the proximal end, which fits into corresponding depression 
mt. and also flat surfaces the approximate sides the plantar 
cording Osborn and Wortman, some specimens show tendency the ankylosis the 
median metatarsals; but none those the Princeton collection, even aged individuals, 
exhibit any traces such process, and would appear very exceptional. 

The fifth metatarsal short, tapering splint; articulates with small facet the 
fibular side the cuboid and with another and still smaller one the head mt. IV. 
traces any distal portions the metatarsals the lateral digits, such Kowalevsky 
figures for Gelocus, have yet been found, nor there any reason believe that such existed. 
Indeed, Kowalevsky does not explicitly state whether they are figured the pes any 
better evidence than the analogy the manus. 

The Phalanges the pes are very much larger than those the manus, and differ 
from them several details structure, indeed, quite unusual degree. Aside from 
its great increase every dimension, the proximal phalanx like the corresponding bone 
the manus; the distal trochlea somewhat more deeply notched the median line 
and has relatively greater dorso-plantar diameter, while the plantar side the trochlea 
more prominent and continued farther proximally upon the shaft. 

The second phalanx not only actually, but also proportionately, much longer than 
the corresponding anterior phalanx, and quite different shape, being laterally com- 
pressed and having its principal diameter the dorso-plantar instead the transverse. 
The proximal articular surface more deeply concave, more distinctly divided into two 
cotyles median ridge, and the median elevation the dorsal margin more pro- 
nounced. The rugose prominences for ligamental attachment are larger and more asym- 
metrical, that the external side (tibial side digit III and fibular side digit IV) 
being decidedly the more prominent. The distal trochlea almost exact hemisphere 
and extended more proximally upon the dorsal side than the case the manus. 

The phalanx longer and straighter than the anterior one, its outer border 
being less curved, and the distal end more obtusely pointed; the plantar face more 
concave, with more elevated borders, and the rugosity the plantar side beneath the 
articular facet much more prominent. The facet for the second phalanx higher, 
narrower, and more symmetrical, that its two divisions are more nearly the same size. 
The dorsal border the facet prolonged the median line into large overhanging hook, 
which but slightly indicated the anterior ungual. This hook corresponds the 
greater dorso-plantar diameter the distal trochlea the second phalanx and its greater 
prolongation the dorsal face the shaft the pes than the manus. 

There not Moschus such difference between the anterior and posterior phalanges 
obtains Protoceras. Those the pes are nearly the same size both genera, 
though slightly larger Protoceras, while those the manus are considerably larger 
Moschus. structure also the posterior phalanges agree better the two animals, the 
differences being merely matters minute detail, except, course, the grooves for the 
metatarsal keels. 
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RESTORATION 


The general aspect the skeleton, whole, resembles that the Musk-deer. 
The head proportionately much longer, character frequently found the ancient 
mammals, compared with their Recent representatives, though this case the elongation 
affects the facial region, which not ancient but modern character. 
the living animal the appearance the head must have been entirely different from that 
Moschus; even the female doubtless had the proboscidiform muzzle, which among the 
Recent ruminants found only the Saiga Antelope and less extent the Moose 
(Alce). The difference is, course, exaggerated the case the male, whose bizarre 
skull not compared with that any existing mammal whatever. 

The spinal column, length, weight, curvature, and the proportions the various 
regions, very similar indeed that Moschus; the neck heavier and actually longer, 
though much shorter compared with the length the skull; the trunk about the 
same length and the thorax deeper and more capacious. The lumbar region has broader 
transverse processes, but more delicate spines, which curve more decidedly forward, and 
more prominent metapophyses, all which are traguline features and perhaps indicate 
more pronounced curvature this region the back than the musks. There can 
hardly any doubt that Protoceras has distinctly longer and better developed tail than 
most recent deer. 

The inequality the length the fore and hind limbs very nearly the same 
that which observed Moschus, but the proportions the different limb-segments 
are not similar and the individual bones are heavier and stronger. Thus, the scapula and 
the bones the fore-arm are considerably longer than the existing animal and the 
carpus much higher; but, the other hand, the metacarpus and anterior phalanges 
are very much shorter and the humerus similar length the two genera. the 
hind limb similar facts are observable; the pelvis, femur, tibia and tarsus are all decidedly 
longer than the Musk-deer, while the metatarsals are much shorter. The phalanges 
the pes are nearly the same length both genera. whole, the limbs are longer 
Protoceras, the shortness the feet not compensating for the greater length the 
other segments the limbs. 

The skeleton Leptomeryx follows that the tragulines more closely than does 
that Protoceras, both regard the actual size the body and the relative length 
the limbs and consequent curvature the back. The inequality the limbs and 
consequent curvature the spinal column are, however, decidedly less than 
Aside from the great difference stature and the still greater divergence the appearance 
and character the skull, there undeniable resemblance between the skeletons 
Leptomeryx and Protoceras. 

Marsh cautiously infers from examination the skull alone that was connected 
with the giraffes. ‘‘The characters now known suggest affinity with the giraffes, but 
distinct Zittel makes the genus the type subdivision his family 
and says it: Gattung Protoceras bildet ein merkwirdiges 
Bindegleid zwischen Tragulina und Cervicornia. Gebiss und stimmen mehr 
mit den ersteren sich der besten mit den Giraffen und Siva- 
theriden vergleichen Osborn and Wortman express very decided opinion 
the relationships Protoceras, leaving the question rather open one. now 
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compare Protoceras with any family the Pecora, there are many striking differences 
once apparent that are compelled conclude that there are marked affinities 
the direction any these families. the possession bony protuberances the 
parietals, which are probably processes this bone, and not developed separately 
the Giraffe, the general architecture the skull, together with many primitive char- 
acters the feet, this genus apparently occupies distinct position and cannot con- 
sistently referred either the Tragulina the Pecora present constituted and defined. 
The possession multiple horns suggests the possible relationship this family the 
Sivatheriidae, but the likeness does not extend other features the 
Protoceras| represents distinct family there can little doubt. its successors 
know nothing whatever, and our ignorance equally great the matter its ancestry.” 

Flower has well stated the difficulty determining the relationships 
groups, the ancestry which can only conjectured. ‘‘The Pecora true Ruminants 
form, has often been remarked, extremely homogeneous group, one the best defined 
and closely united any the Mammalia. But though the origin common type has 
never been departed from essentials, variation has been very active among them within 
certain limits, and the great difficulty subdividing them into natural groups (‘the despair 
zoologists,’ Pucheron calls it) arises from the fact that the changes different organs 
(feet, skull, frontal appendages, teeth, cutaneous glands, etc.) have proceeded with such 
apparent irregularity and absence correlation, that the various modifications these 
parts are most variously combined different members the group.” All this applies 
almost equally well the Artiodactyla whole, and the mutual relationships the 
various subdivisions which compose that order. This difficulty proceeds from the frequent 
impossibility determining what points resemblance between the groups compared 
are due inheritance from common ancestor, and what are cases parallel development. 
Such determination can made with certainty only when the phyletic series has been 
worked out, and here, elsewhere, any classification which made without knowledge 
the various phyletic steps, can only temporary and tentative. 

altogether probable, that Protoceras has but remote connection with the 
Pecora, and consequently that the affinities with different families that group which 
have been suggested, are illusory. Nor can properly called connecting link between 
the tragulines and the deer, for, having more primitive feet than the former group, cannot 
well descended from it, and the skull being some respects more advanced than that 
the deer, Protoceras can hardly ancestral that family. 

not all likely that the Tragulina are descended from Gelocus, the latter having 
more advanced type foot structure and odontoid process the axis which has 
already lost the conical shape. The connection with the true ruminants was, therefore, 
all probability means some form yet unknown, which was rather more generalized 
than Gelocus. With the line terminating the existing tragulines, which, far 
know, have always been confined the Old World, Protoceras can have but remote 
connection, but just when and how this connection was established cannot present 
determined. There are, however, certain American genera which probably are more 
less distantly related the tragulines. These genera are Leptomeryx and Hypertragulus; 
they are much alike, and yet with such significant differences show that they are 
regarded divergent branches the same stock. One tempted 
grounds assume relationship these genera the part Protoceras. 


SCOTT-JEPSEN-WOOD: FAUNA THE WHITE RIVER OLIGOCENE 


MEASUREMENTS 
Male Moschus 
mm. 

Length skull from occipital 0.215 0.223 0.225 0.137 
Length face from anterior border orbit..................... 
Length cranium from occipital crest front margin .080 .069 

Diastema between canine and pl, .012 

Mandible, height condyle above lower border................. .056 .036 


N.B.—The measurements the male are taken part from Osborn and Wortman. 


MEASUREMENTS 
Protoceras Moschus 

Sixth cervical, breadth anterior 
Seventh cervical, breadth anterior face.................. 
First thoracic, breadth anterior 
Last thoracic, length .020 
Last thoracic, breadth anterior .018 
Third lumbar, length .024 
Third lumbar, width transverse process .017 
Third lumbar, fore and aft diameter 
First caudal, length 015 
First caudal, breadth anterior .005 
First caudal, breadth posterior .004 
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MEASUREMENTS 
Protoceras 
mm. mm. mm. 
Scapula, fore-and-aft diameter glenoid cavity.................... .018 
Scapula, transverse diameter glenoid cavity..................... .018 
Humerus, thickness proximal end 
Metacarpal II, breadth .007 
Metacarpal III, breadth .012 .010 
Metacarpal III, breadth distal .010 
Metacarpal IV, breadth proximal .008 .010 .010 
Metacarpal IV, breadth .010 .010 
First phalanx, III digit, breadth .010 .010 
First phalanx, III digit, thickness distalend.................... .006 .007 .006 
Second phalanx, III digit, breadth .009 .007 
Second phalanx, III digit, thickness distal end................... .007 
Third phalanx, III digit, breadth proximal .009 
Third phalanx, III digit, thickness proximal end................. .008 
MEASUREMENTS 
Protoceras Moschus 

Ilium, length ventral border (fr. 0.116 mm. 0.069 mm. 

Acetabulum, fore and aft diameter................ .020 

Acetabulum, vertical diameter................... .020 .019 
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Protoceras Moschus 
Femur, breadth proximal end.................. 
Tibia, breadth proximalend................... .039 
Astragalus, breadth proximal trochlea........... 
Cuboid, breadth O11 .008 
Metatarsal III, breadth proximal end........... 
Metatarsal III, breadth .009 
Metatarsal IV, breadth proximal end........... O11 .008 
Metatarsal IV, breadth .009 
First phalanx, III digit, length................... 
First phalanx, III digit, breadth .010 
First phalanx, III digit, thickness distal .009 .009 
Second phalanx, III digit, 
Second phalanx, III digit, breadth proximalend.. .011 .010 
Second phalanx, III digit, thickness 
Third phalanx, III digit, 
Third phalanx, III digit, breadth 
Third phalanx, III digit, thickness .016 


Species: The sexual dimorphism displayed this genus great, that the problem 
species even more than usually complex, for has not been possible determine 
which skulls represent the different sexes the same species. Furthermore, the fact that 
most the type-specimens the various species are females, increases the difficulty. 
the three species Protoceras which Professor Marsh named, only one, nasutus, 
was established male type and both species Calops have female types. Under 
these only tentative arrangement feasible. 


Protoceras celer Marsh 
Protoceras celer Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XLI, 81, 1891. 


above noted, the type-specimen this species, the genus, the skull 
female and, important respects, unlike that any other female that has yet been 
found, though very considerable number have been collected the various museums. 
Osborn and who described and figured the male skull, naturally assumed that 
their specimen belonged the same species. The original description is, part, follows: 

general form and proportions this skull the ruminant type. Its most striking 
feature pair small horn-cores, situated, not the frontals, but the parietals, 
immediately behind the frontal suture. 


F., and Wortman, L., Bull. Amer. Mus. Nat. Hist., Vol. IV, 351. 
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frontal bones are very rugose their upper surface and this rugosity extends 
backward the parietals the summit the horn-cores, well between the latter 
and along the wide sagittal crest. The horn-cores are conical form. 
i} 2 AY S = 
A 
Fig. 129.—Protoceras celer, varying forms maxillary 


Amer. Mus. 


Princeton Mus. 

the orbits, the frontals are depressed, and marked two deep grooves 
leading backward the supra-orbital foramina. Behind these, half-way the horn-cores, 
median prominence resembling shape the corresponding elevation the skull 
the male giraffe. The brain cavity unusually large for Miocene mammal. 
occiput very narrow. 


The 
“The facial region the skull narrow and elongate. 


bone. 


the outer surface the 
maxillary, just above the antorbital foramen, there deep depression, which probably 
contained gland. The orbit large and completely closed behind strong bar 
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dentition preserved selenodont and brachyodont. The first [2nd] pre- 
molar much compressed transversely, and has but slight inner lobe. The second [8rd] 
premolar triangular outline, the inner lobe being much more developed. The last 
premolar has this lobe expanded into strong cusp, and the crown thus becomes broader 
than long. The true molars have two inner cusps, each with basal ridge. The outer 
have median vertical ridge. There was wide diastema front the 


unfortunate that the type-specimen had lost the anterior end the skull, with the 
premaxillaries. 

the male skulls which have been referred this species, there great variety 
the form the maxillary some being much lower and wider, others much higher 
and narrower than others, but they all agree having the maxillary ‘‘horns” well separated 
and are thus distinguished from nasutus, which the are suturally connected. 


Protoceras nasutus Marsh 
Protoceras nasutus Marsh: Amer. Journ. Sci., Ser. Vol. IV, 168. 


The type this species fragment the left side the skull retaining the 
This maxillary, horn-like protuberance narrower and straighter than the skulls referred 
celer and shows the medial side sutural area for articulation with the base the 
protuberance the opposite side. The type supplemented much more complete 
specimen the Field Museum, Chicago (Pl. LX, figs. 2a), which consists skull 
and mandible, without the brain-case. The maxillary are higher and narrower 
than the type, but they meet rugose, sutural junction the base. nasutus 
strongly suggests that was, least, was very close to, the ancestor the grotesque 
genus Syndyoceras, the Miocene, which the maxillary protuberances are fused into 
single beam, the end like antler. 


Horizon: Upper 
Locality: Big Bad Lands, So. Dak. 


Protoceras comptus 
Protoceras comptus Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 93, 1894. 


The original description this species follows: 

second species this interesting genus indicated young skull from the 
same horizon which the type was found. This specimen, apparently the skull 
female, good preservation, and, when compared with the type, differs several 
essential points. The maxillary plates are not elevated along the sides the nasal aperture, 
and the posterior nares extend forward between the first true molars. The whole skull 
proportionally more elongate, and the facial part especially produced. 

maxillary plates the palate are deeply cleft front. The anterior palatine 
foramina open just front the second premolars, and long, shallow grooves extend 
from them the front the palate. The nasals are deeply furrowed behind grooves 
leading backward the supra-orbital foramina. The parietal ridges show rugosity 
the points where the horn-cores would later have appeared. The entire length the skull 
about eight 
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both the Yale and the Princeton collections are several skulls which are remarkable 
for the elongation the facial region and especially the premaxillaries; these may 
provisionally referred comptus, though the loss the whole anterior region front 
the cheek-teeth the type celer, one cannot sure that the latter and comptus 
are not identical. The type comptus young animal, with milk-teeth, and that 
very probably accounts for its small size. The indications, which Prof. Marsh emphasized, 
that would have been developed, had the animal survived maturity, are 
another reason for suspecting that the two names may apply the same species. 


SYSTEMATIC POSITION THE HYPERTRAGULOIDEA 


problem connected with White River mammals has been much debated, 
given rise many different solutions, has that concerned with the relationships the 
hypertragulids, with which that the oreodonts inseparably referred 
the only member the family that ever knew, the Moschidae, which 
equivalent including the Cervidae. For Leidy, the problem was much less 
complicated than was subsequently made the discovery the several genera which, 
though differing much from are unmistakably related it. Cope,? who 
established the family, and recognized its distinctness from the deer, did not include 
any larger group, but seems have regarded most nearly allied the tragulines, 
view which adopted paper describing the skeleton Leptomeryz. 

view, radically different from the foregoing conclusions, was suggested 
who, oft-quoted passage, expressed the belief that the characteristic North American 
selenodonts the Miocene, Leptomeryx, Leptauchenia, Oreodon, well Poébrotherium, 
were most nearly related the camels. 

1899 published the Selenodont Artiodactyla the Uinta Eocene, 
which explained conversion Riitimeyer’s opinion, the ground that the Uinta 
fauna contained the manifest ancestors the White River selenodont families, camels, 
hypertragulids, merycoidodonts and agriochoerids and that these were all, seemingly 
least, much more closely interrelated than were their White River descendants and that, 
all appearances, they were converging toward common ancestry the middle 
lower Eocene. 

Few American palaeontologists were then familiar with Riitimeyer’s views and 
apparently revolutionary conclusions were received with varying degrees approval and 
condemnation. Hay, his first accepted these conclusions their entirety, 
but his second edition’ far modified them remove the merycoidodonts and 
agriochoerids separate suborder, the Agriochoeriformes. included Lepto- 
meryx the oreodonts, which did not refer any particular suborder, but placed 
Hypertragulus the Camelidae. 


Leidy, J., Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 165, 1869. 

Cope, D., Proc. Amer. Philos. Soc., Vol. XXIV, pp. 1887. 

B., Journ. Morphology, Vol. pp. 342-361, 1890. 

Riitimeyer, L., Abh. schweizer, Gesellsch. Bde., VIII and 

B., Trans. Wagner Free Inst. Science, Philad., Vol. VII, pp. 1-121. 
Hay, P., Bull. Geol. Surv. No. 179, 662. 

Hay, P., Sec. Bibliog. and Cat. Vert. Vol. 809. 

Palmer, Index Generum Mamm., pp. 911, 921, Washington, 1904. 
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The late Dr. Matthew wrote several times concerning the Hypertragulidae, 
the knowledge which greatly contributed. His opinion concerning the systematic 
position the family underwent many changes, more complete material became avail- 
able. His latest and, presumably final, conclusion was that the family was referable the 
Pecora and that, particular, Leptomeryx was the most ancient American deer, thus 
substantially returning Leidy’s opinion. This view, thought, was confirmed the 
discovery the Eocene Mongolia. Matthew and Granger,? who 
described and named the genus, Archaeomeryz referred, think improperly, the Hyper- 
tragulidae, the only supposed member that family which has, hitherto, been found out- 
side North America. Concerning its phylogenetic significance, these authors write: 

type for the pecora. has assumed the characteristic pecoran-traguline character the 
united naviculo-cuboid, but still retains the separate median pair and complete lateral 
pair digits, the ulnar and fibular shafts are more primitive than any pecora, the upper 
incisors are still retained, the premolars are primitive pattern, the molars brachy- 
selenodont. lacks any the various aberrant specializations which exclude all the 
Eocene genera hitherto described from direct ancestry the pecora and, fortunately 
the principal osteological and dental characters are determinable from the exceptionally 
complete material, the affinities the genus can very satisfactorily appraised.”’ 

This appraisal strangely overlooks the characteristic caniniform first lower premolar, 
which surely specialization,” sufficient exclude from direct ancestry 
the Pecora. Nevertheless, inclined believe that Archaeomeryx have very 
nearly the common ancestor all the selenodont suborders, Pecora, Tragulina and Tylopoda, 
but everything that know Eocene artiodactyls indicates that the actual ancestor 
the selenodont suborders had 6-cusped upper molars, such occur Homacodon, the 
Bridger Eocene, and that the suppression loss the conules not, per se, proof 
relationship, but that occurred independently many times. the highly aberrant 
group the bothriodonts, this suppression almost certainly took place twice, the Indian 
Merycopotamus and the American Arretotherium. 

All previous discussions the systematic position the Hypertragulidae have, 
necessity, been conducted ignorance the skeletal characteristics Hypertragulus and 
Hypisodus, which, for the most part, are described for the first time this paper. The 
unexpectedly primitive character the former adds new and puzzling complexity 
the problem, which extremely difficult evaluate. The highly significant character 
the Uinta selenodonts and their close interrelationships still remain, judgment, 
the strongest supports Riitimeyer’s interpretation the problem and almost all discus- 
sions the subject have systematically ignored them. Whatever disposition made 
the Hypertragulidae must include the Protoceratidae, for the near relationship between 
Leptomeryx and Protoceras hardly open question. 


Matthew, D., and Granger, W., Amer. Mus. Novit., No. 196. 
Matthew and Granger, Op. cit. 
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Superfamily CAMELOIDEA Gill. 


Family CAMELIDAE 


From the upper Eocene the end the Pliocene members this family, which 
may called the true camels, were one the dominant groups North America. 
each the successive Tertiary faunas horses and camels were the most abundant North 
American mammals. from the more less doubtful tylopodan families, the 
Camelidae include not only the phylogenetic series which led the modern camels and 
llamas, but also several series, some parallel and some divergent, which played great 
role the Miocene and Pliocene, but died out without leaving any descendants. These 
series, which may called tribes, phyla, include two strongly divergent branches, the 
immense giraffe-like camels and the very small gazelle-like camels, which ended the 
Pliocene, and one more series which followed course parallel that the main line 
and persisted through the Pleistocene into the early Recent. the Pleistocene most 
the North American camels disappeared, leaving only the great camel-llamas, which 
culminated Camelops, well represented the tar-pits Rancho Brea. 

The relevancy this prologue monograph the White River mammals lies 
the varied development the family Oligocene times. There are less than four 
distinct cameline genera known the White River and these probably represent the 
beginnings three more tribes within the family, though not yet feasible connect 
them all with their putative Miocene descendants. the upper Oligocene the John 
Day stage the record becomes blurred because the comparative scarcity cameline 
remains, and the oldest Miocene material none too complete. 

The four genera mentioned are (1) which seems survival from the 
Eocene, without phylogenetic significance, (2) Poébrotherium, which has long been regarded 
the direct ancestor the modern camels and llamas, though, will seen subse- 
quent section, there are certain difficulties the way accepting this view, (3) Para- 
tylopus, which has been variously interpreted beginning the tribe the giraffe-like 
camels and replacing the ancestry the modern Camelidae, and 
(4) Pseudolabis, which something mystery and has not yet been brought into satis- 
factory relations with any the tribes. Much the commonest these White River 
camels, using that term indicate the family, Poébrotherium, which very fully known, 
several entire skeletons having been obtained; all the other genera are rare and all them 
were described and named Matthew. the four genera has its characteristic 
development the mesostyle the upper molars; most prominent 
and somewhat less Poébrotherium, while Pseudolabis almost absent. 


Eotylopus Matthew 
(Plates LIII, 
Eotylopus Matthew, Bull. Amer. Mus. Nat. Hist., Vol. 36, 1910. 
surprising find primitive and unspecialized camel the Oligocene. The 
genus was described and named Dr. Matthew 1910 from skeleton exhibited the 
museum the University Wyoming, and cordial thanks are due Professor 


Knight, Laramie, for his courtesy sending the skull, limb- and foot-bones for 
study and illustration. 
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The original description reads: ‘‘Generic characters. Dentition unreduced, teeth 
continuous without diastemata. Canines slightly larger [sic] than adjoining teeth. An- 
terior premolars simple, compressed, with inner cusp, with inner crescent, moderately 
wide transversely. Molars brachyodont, rather wide transversely, the outer crescents 
with prominent external ribs and mesostyle, weak para- and metastyles, the anterior inner 
bifid, one crest extending posteriorly, the other externally from the top the 
crescent. 

moderate length, lachrymal vacuity, orbits nearly closed behind, bulla 
type, folded upon itself and filled with cancellous tissue Poébrotherium. 

and radius and distinctly camelid type with channel between 
the two shafts. Fibula reduced distal nodule and presumably proximal vestigial 
splint. 

bones separate, toes median pair metacarpals and separate, 
moderately long, not appressed, metacarpals slender complete, lateral metatarsals 
reduced 

DENTITION 


The teeth are the most peculiar feature this paradoxical genus; they are present 
full number and, each jaw, form continuous series, without diastemata. 

Upper Teeth: The incisors are larger than Poébrotherium and not spaced apart; 
missing both sides; small, sharp-pointed, and compressed-conical shape; 
decidedly the largest the series and exceeds the canine size. Matthew’s statement 
that canines are slightly larger than the adjoining applies only the lower 
jaw, not the upper, which exceeds height crown all the other antemolars. 
The tooth broad antero-posteriorly, thin, compressed and acutely pointed; and occludes 
with the lower canine, front which bites. The relatively large size found 
also Poébrotherium and, more conspicuously, Paratylopus and continues, character- 
tylopodan feature, through the Miocene, Pliocene, and Pleistocene the Recent genera. 

The canine missing; the left side, there only the matrix-filled alveolus and, 
the right, the crown has been broken off and lost, but the root gives clear indication 
its diameter. 

Externally, the four premolars are much alike; they all have low, trenchant, compressed 
and sharp-pointed crowns, with cordate and convex buccal faces, and increase slightly 
size posteriorly, though and have nearly the same antero-posterior diameter; has 
low, vertical enamel ridge the hinder half the external side and, the inner face, 
well-defined, tuberculated cingulum and small deuterocone. the buccal face 
prominent median rib, behind which shallow valley; the lingual side 
crescent, from the posterior horn which spur projects into the narrow valley. 
internal cingulum embraces the inner crescent. 

The molars increase size posteriorly; indeed, there almost regular gradation 
fore-and-aft diameter from the canine the last molar. The molar crown has the four 
crescents typical the selenodont pattern, but the external pair are thick and rather more 
conical than crescentic, marked difference from Poébrotherium and very primitive 
characteristic. The median ribs the outer crescents are prominent, also the meso- 
style, but the para- and metastyles are faintly marked and there hardly any cingulum. 
The antero-internal crescent has spur from its hinder horn, extending into the valley and 
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there similar, but much less conspicuous, spur from the postero-internal crescent. 
Matthew’s diagnosis expresses this little differently and describes the antero-internal 
crescent small basal pillar arises between the inner crescents. 

Lower Teeth: The incisors are closely set and imbricating and are much less procumbent 
than Poébrotherium, even Paratylopus, being more nearly erect than the other 
White River genera the family. missing and broken both sides; but 
may seen that the lower incisors have thin, spatulate crowns, with sharp, transverse 
cutting edge. The canine larger than any these teeth and differs from them shape 
being pointed and compressed; with the large external upper incisor, the 
upper canine being too small any service. The functional tusks, fangs, are 
thus the upper lateral incisor and the lower canine, another specialization which differs 
from the combinations found the other cameloid groups; the Hypertragulidae, the 
tusks are the upper canine and first lower premolar, the true camels the canines, upper 
and lower, with accessory fangs and and, Paratylopus, the external incisors, 
above and below, and the lower canine form the fangs. 

Not only there diastema the lower jaw, but the canine overlaps and partially 
conceals the first premolar; this very small, one-rooted tooth, which has thin, com- 
pressed and sharp-pointed crown and flattened conical shape. The other premolars increase 
size posteriorly and each one inserted two roots; they are very thin, laterally 
compressed and trenchant; they differ very conspicuously from the premolars Poébro- 
therium their antero-posterior shortness; and have median internal rib, with 
incipient valley each side and they also have each postero-internal crest, which 
encloses enamel with the outer wall; the cingulum faintly marked the 
lingual face p4. 

The molars are very low-crowned and have truly crescentic external cusps, but the 
internal cusps have horns and are rather compressed-conical than crescentic shape. 
The talon relatively very large, almost equalling one the outer crescents size, 
and basin-like, enclosing deep fossa. 

Skull: Aside from its small size, the skull differs many obvious respects from that 
the other genera White River Camelidae; those genera, Poébrotherium, Paratylopus, 
and Pseudolabis, the skull common plan and they all strongly resemble Recent 
llamas; such differences there are between them affect minor details 
the other hand, the skull much less obviously tylopodan character and its general 
aspect and proportions are decidedly different from all the others. The head shorter, 
thicker dorso-ventrally and has much shorter, less tapering rostrum. Proportionally, 
the cranium longer and the face shorter. The height the sagittal crest cannot 
determined, for its border broken, but thicker and was, presumably, higher than 
Poébrotherium. The upper profile the cranium appears nearly straight and hori- 
zontal; from the high point behind the orbits, the upper line the facial region descends 
but little the anterior nares, while the other genera and particularly Poébrotherium, 
the line much longer and descends forward far more steeply. There prelachrymal 
vacuity and fossa the maxillary, such the other genera conspicuously display, 
and the infraorbital foramen larger and more anterior than Poébrotherium, smaller 
and more inferior than Paratylopus. The premaxilla relatively larger than the other 
genera and the ascending ramus even broader and more uniform width than Para- 
tylopus, much broader, therefore, than Poébrotherium. 
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the last-named genus the tympanic bullae are remarkably large and seem 
like bag,” Leidy’s phrase, from the auditory meatus; the tympano-hyal groove 
shallow. Paratylopus this groove much deeper and more widely open, while 
Eotylopus, the bullae are different from those all the other genera being much smaller 
the White River camels, the bullae are filled with cancellous bone. 

The mandible more completely preserved than any known specimen the other 
genera except from which differs much both shape and proportions. 
correlation with the short rostrum, the horizontal ramus relatively short and sturdy, 
rather deep dorso-ventrally and thick transversely; the symphysis short and the chin 
steeply inclined, not nearly procumbent Poébrotherium; the appearance the 
symphyseal region and the consequent position the incisors are strikingly different 
the two genera. The ascending ramus high and comparatively narrow, the angle hardly 
produced all behind the plane the condyle. The somewhat thickened border slopes 
downward and forward from point little below the condyle and shaped more 
Protoceras than the other White River members the Camelidae. Poébrotherium 
the angle greatly extended behind the condyle and its dorsal border broadly emargi- 
nated, making the angle seem large hook, remnant which persists even the 
Recent genera. Paratylopus also there hook-like angle, but not produced 
far posteriorly and the notch the dorsal border much narrower and somewhat deeper 
than Poébrotherium. both these genera the ventral border the mandible follows 
sinuous course; beneath the ascending ramus the border convex under the angle and 
passes into concavity front this. The horizontal ramus gently convex the 
lower border, becoming slightly concave behind the symphysis. this sinu- 
ousity faintly indicated; general, the margin convex. The masseteric fossa smaller 
and shallower and has more elevated position than the other two genera. Condyle 
and coronoid process are like those Paratylopus, but the sigmoid notch somewhat 
narrower and deeper. 

Skeleton: Matthew states that photographs the mounted skeleton short 
neck, which, points out, what might have been expected from the relative shortness 
the skull, and feet. This the strongest possible contrast the proportions 
Poébrotherium, especially wilsoni, which genus the elongation neck and 
limbs extraordinary. The primitive Uinta camel, Protylopus, much more like 
this respect. The only limb-bone which was sent with the skull and feet the 
coalesced ulna-radius, which lacks the olecranon. The radius short and moderately 
stout; the proximal end wider than the shaft and has rather simple surface for the 
humeral trochlea, which obscurely divided into two facets, outer concavity and 
inner saddle-shaped area; the bicipital tubercle small, but conspicuous. The shaft 
bowed forward and inward and oval cross-section, broad and antero-posteriorly 
compressed. short below the head the shaft very narrow, but broadens 
much downward. short and narrow slit which seems perforate the compound bone, 
the remnant the radio-cubital arcade. The distal end moderately broadened and 
thickened and its carpal surface clearly demarcated into facets for the and lunar. 

the ulna, the proximal portion broad the radius and trihedral, overlapping 
the radius behind; the shaft tapers rapidly and its distal portion very slender, but thickens 
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slightly form the end; the facet for the pyramidal convex palmo-dorsally and, the 
palmar side, there small facet for the pisiform. Matthew’s figures show that the 
humerus and radius are nearly the same length, also the when the phalanges 
are fully extended. The tibia considerably longer than the radius, the ratio approxi- 
mately and the metatarsals exceed the metacarpals length roughly the same 
proportions. 

The carpus long proximo-distally and narrow, correlation with the fore foot, 
which functionally didactyl. The scaphoid narrow, but palmo-dorsally thick; its 
surface for the radius convex the dorsal, concave the palmar side; distally, rests 
almost equal degree upon the trapezoid and magnum, but there definite facet for 
the trapezium. The lunar also high and narrow and its distal end almost equally 
divided between the facets for the magnum and unciform, which meet nearly right 
angle dorsally, where they form sharp ridge. The trapezoid and magnum are not co- 
ossified; ‘‘the trapezium not preserved but its presence indicated facet the 
(Matthew). The trapezoid narrow and scale-like, though articulating with 
the and the second metacarpal. The magnum broad and low and considerably 
larger than the strictly dorsal view (Pl. Fig. would indicate: most the proximal 
end covered the scaphoid, the surface for the lunar being considerably narrower. 
The distal end occupied me. III, but there seems also minute infero-lateral 
contact with the head the vestigial me. The has suffered the loss part 
its ulnar side, that its breadth can only estimated; has narrow, oblique facet 
for the lunar and much larger and saddle-shaped proximal one for the pyramidal. 
tally, articulates broad surface with and, doubt, the missing part the 
unciform had minute facet for me. the distal part the radial side small 
surface for the process from me. III, but this facet lateral position. 

The metacarpus consists four members, the median, functional pair and the lateral, 
vestigial pair; the latter, though greatly reduced and unserviceable, were yet, quite cer- 
tainly, complete and provided with the full complement phalanges. These reduced 
digits can only have been most. All the metacarpals are relatively short, 
which very strong contrast the long manus Poébrotherium, and more nearly 
like the proportions displayed the Eocene Protylopus. me. II, only the distal part 
remains, but that was originally complete, indicated the facets for the trapezoid 
and the proximal end me. III; the same true, mutatis mutandis, me. These 
vestigial lateral metacarpals are much shorter than the median pair, but the distal articular 
surfaces, which are convexly rounded and prominently keeled, demonstrate the presence 
phalanges. The functional metacarpals, III and IV, are short and sturdy and are 
almost exactly the same length and diameter; they are contact for most their length, 
but not closely appressed, and diverge distally. The approximate surfaces are flattened, 
the other sides gently convex. III has transversely concave facet for the magnum 
and sends out unusually small process meet the unciform; the radial side the 
proximal part the shaft and head grooved for the reception the vestigial me. II; 
the distal trochlea low and more nearly semicylindrical than hemispherical, somewhat 
Canis. the counterpart III; the facet for the unciform nearly flat. 
touches other carpal and the ulnar side grooved for me. phalanges are 
short, intermediate type between those Protylopus and Poébrotherium, narrower than 
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those Oreodon, broader than those Leptomeryx, Protoceras and the (Matthew, 
op. cit., 39.) 

The pes much longer than the manus and has completely reduced lateral digits. 
The astragalus long, narrow and deeply grooved; the proximal trochlea asymmetrical, 
with broader and more prominent external condyle; this, doubt, that Matthew 
refers his statement that ‘‘the astragalus more oblique than any later Camelidae, 
but less than The distal trochlea unequally divided into broad, 
hour-glass-like surface for the navicular and narrow strip for the cuboid, the two forming 
angle along the line junction; the surface for the sustentaculum the caleaneum 
projects very prominently toward the plantar side. 

The long, narrow and laterally compressed, thick planto-dorsally; the 
tuber relatively long and its dorso-plantar thickness diminishes slightly toward the free 
end, which somewhat thickened, rugose and club-like and has shallow tendinal 
the plantar angle. The distal facet for the cuboid very narrow, but much extended 
planto-dorsally; the sustentaculum large the same dimension, but does not project 
far toward the tibial side. The fibular facet very prominent and two parts, 
proximal convexity and distal concavity. ‘‘The calcaneal fibular facet has the character- 
istic camelid form, differing from that Oreodonts its greater convexity from front 
back, from Pecora its less convexity from side (Matthew, loc. cit.) The 
narrow-surface for the cuboid planto-dorsally concave, but somewhat warped. 

The navicular narrow and planto-dorsally thick and its facet for the astragalus 
very concave the same direction; stout, hook-like process projects from the plantar 
side and engages the plantar prominence from the head mt. III. The distal end 
taken almost entirely the large surface for the ectocuneiform. 

The ectocuneiform relatively large, almost broad the navicular; its exposed 
dorsal face nearly square and covers the whole width mt. III; the mesocuneiform 
may ankylosed with the ecto-, not, missing from this specimen. difficult 
decide this point, because the third metatarsal has lost the proximo-tibial angle the 
dorsal side and with has gone fragment the tarsus. The ectocuneiform very 
small, thin and scale-like and articulates with the nodular vestige mt. 

The cuboid narrow, but relatively very high the proximo-distal direction; the 
proximal end about equally divided between the facets for the astragalus and 
the latter incised the usual artiodactyl manner; stout, dependent hook from the plantar 
face rests upon the projection from the head mt. IV: the fibular side the distal 
end, the cuboid excavated for the vestigial mt. 

The metatarsus has but two functional members, the median pair, mt. III and IV, 
the lateral pair being vestigial and reduced nodules. The median metatarsals are 
considerably longer than the corresponding metacarpals, but not attain anything like 
the elongation the pes Poébrotherium, which the extremely long and slender feet 
are among the most striking characteristics. that genus, these bones have and 
stout projections from the plantar side the head, which are, were, wedged between 
the plantar hooks cuboid and navicular, resulting very firm joint; with the formation 
cannon-bones these plantar projections dwindle and disappear. The lateral metatarsals, 
mt. and are vestigial and are only nodular remnants the proximal ends, 
Poébrotherium. 
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Eotylopus there is, thus, unusual degree difference between fore and hind feet, 
the manus retaining four complete digits, which only two are functional, and the pes has 
but two digits. this respect, the genus forms intermediate stage between Protylopus 
and the White River doubt the undiscovered genus the intermediate 
Duchesne River formation did also. 


RELATIONSHIPS EOTYLOPUS 


will seen the discussion Poébrotherium, the phylogenetic sequence the 
Eocene and Oligocene camels offers certain problems, the solution which will have 
far-reaching effect upon our conceptions the evolutionary process. far 
concerned, there are, all appearances, particular difficulties estimating its 
systematic position; is, far, the most primitive the White River Camelidae and 
represents the end its special line, for there likelihood that any subsequent genus 
was derived from and, obviously, its contemporaries could not have been descended. 
survival, more less modified, earlier form and may eventually turn 
the Duchesne River formation. Even so, however, there probability that Duchesne 
River species this, some closely allied genus, will prove ancestral any the 
more advanced White River genera, such Poébrotherium, Paratylopus, for, the 
assumption that Protylopus, the Uinta Eocene, direct ancestor either both 
the White River genera, there place for between them. True, the feet 
exhibit such intermediate stage development, but the skull and dentition not. 
the other hand, there great difficulty assuming that Protylopus gave rise, 
divergent development, Paratylopus and Poébrotherium, but they cannot all 
arranged single genetic series. When the Duchesne River camels are brought 
light, assuredly they will be, the question will simplified. Already, Professor Stock 
has announced the discovery camel the lower Sespé, California, which correlated 
with the Duchesne River Utah. The description and figuring that are awaited 
with great interest. 


Eotylopus reedi Matthew 
Eotylopus reedi, Bull. Amer. Mus. Nat. Hist., Vol. XXVIII, 36, 1910. 


this the only known species this rare genus, specific description needed 
other than that given the dimensions. 


MEASUREMENTS 

Upper dentition, length i2-M3........ mm. ant.-post. diameter............... 8.5 mm. 
ant.-post. diameter............... transverse diameter.............. 
ant.-post. diameter............... Upper molar series, length........... 30.4 
ant.-post. diameter............... ant.-post. diameter.............. 
Upper cheek-tooth, series, 63.5 transverse diameter.............. 
Upper premolar, series, length........ ant.-post. 
ant.-post. diameter............... transverse diameter.............. 
transverse diameter. ............ ant.-post. diameter.............. 
ant.-post. diameter............... transverse diameter.............. 12.5 
transverse diameter.............. Lower dentition, length i2-M3........ 
transverse diameter.............. ant.-post. diameter............... 
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Lower cheek-tooth series, Radius, prox. 

Lower premolar series, length........ 32.5 Radius, dist. width.................. 

transverse diameter.............. Carpus, prox.-dist. height............ 

transverse diameter.............. 4.5 

transverse diameter.............. 4.5 III, prox. width........... 

Lower molar series, length........... 

M2, transverse diameter............. 8.5 Astragalus, prox. width.............. 

M3, ant.-post. diameter............. Astragalus, dist. width.............. 

M3, transverse diameter............. Calcaneum, length.................. 

Skull, length med. 138 prox. width............. 

Cranium, length cond. orb...... Calcaneum, width sust............ 

Mandible, length fr. angle........... 121 

Horizon: Chadron. 


Locality: Central Wyoming. 


Paratylopus Matthew 


Paratylopus Matthew (subgenus Miolabis), Bull. Amer. Mus. Nat. Hist., Vol. XX, 
211, 1904. 
Paratylopus Matthew (genus), Bull. U.S. Geol. Surv., CCCLXI, 111, 1909. 


Professor Matthew first described this form subgenus the John Day 
and, five years later, raised generic rank. The original description follows: 
subgen.—P2 unreduced, long and trenchant. 

spec.—Size Poébrotherium labiatum, but with more elongate i3, 


and caniniform and spaced. Skull with considerable prelachrymal vacuities and 


shallow depression maxillaries above and little front infraorbital foramen. Orbits 
not closed posteriorly. Metapodials like those Poébrotherium, the median pair not 
united into cannon-bone, the lateral pair reduced small nodules both fore and hind 
feet. The shaft the fibula still present, least toward its lower end; Poébrotherium 
the shaft has completely disappeared. 
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type (No. 9806) from the Upper Oreodon Beds South Dakota and consists 
finely preserved skull with the neck, part the back and large part both fore 

The specimen from old animal, with molar teeth much worn; all the ante-molar 
teeth, both above and below, have been broken and only the roots are preserved. The 
alveolar portions both premaxiilae have been lost and only the root left. 

second individual, the U.S. National Museum Washington (No. 14,763), and 
shown Plate Fig. the opportunity describe and figure this fine specimen 
owe the courtesy Messers Gilmore and Gazin. This fossil comprises 
the facial region skull front the orbits, and the mandible which lacks the angle, 
coronoid and condyle. All the teeth, except the first upper incisor, are present one 
side other the jaws. 

The distinction Paratylopus from Poébrotherium clear. (1) The molar teeth are 
brachyodont; (2) the premolars, though similar form, have such antero-posterior 
extension; (3) the appearance the anterior teeth, incisors and canines, very different; 
(4) there are several differences the structure the skull. 

The dental formula undiminished, but, while the teeth are present full number, 
several them are much reduced size. 

Upper Teeth: The ante-molars are lacking the type, though the remaining roots 
afford some useful information; the description incisors and canines therefore, for the 
most part, derived from the Washington skull. known only from the alveolus, 
which shows have been like size; very small and simple and most its 
exposed length root. The external incisor, i3, very much larger than the others, but 
here also most the tooth belongs the thick, protruded root; the enamel-covered crown 
very small and button-like. the type-specimen the root still larger, difference 
which probably sexual: relatively larger than Poébrotherium, also the upper 
canine, which, the latter, greatly reduced. When the jaws are closed, extends 
down between and the lower canine and, they were larger, these three teeth would 
have been formidable lacerating apparatus, such the modern Camelus possesses 
the two canines and the spike-like pl. The canine very small and occludes against the 
steeply inclined lower canine. 

the Washington skull the masticating surfaces all the cheek-teeth are concealed 
the matrix, but the buccal sides are fully exposed. The premolars are similar those 
Poébrotherium. two-rooted and has compressed and narrow crown; very 
small and must have been without functional value, for not opposed any lower 
tooth and remains unworn. The tooth isolated considerable gap before and 
shorter one behind it. The other premolars are continuous series with the molars; 
and are much alike and nearly the same size; they resemble those 
having low, compressed-conical crowns, which are trenchant and sharp-pointed; anterior 
and posterior styles, enclosing minute valleys, are indicated. resembles the 
buccal side, but, doubt, has internal crescent. 

The molars are more brachyodont than those Poébrotherium, which there 
already marked tendency hypsodontism; the buccal sides are the latter, but the 
para- and mesostyles are more prominent. The molars increase size posteriorly the 
ratio the styles and median ribs are least developed which has 
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metastyle. the type skull shows, the molars are broader proportionally than 


Poébrotherium. 

Lower Teeth: The incisors are already camel-like incipient sort way, much 
more than Poébrotherium: they are semiprocumbent, asymmetrical, inbricated and 
curving toward the median line; larger, and smaller than Poébrotherium. The 
canine, though small, considerably larger than the upper one and steeply inclined, 
though less procumbent than the incisors. The anterior lower premolars, and are 
well spaced apart and, they bite into diastemata the upper jaw, they can have had 
practical use. extremely small, one-rooted, styliform and unworn even skulls 
which show abrasion m3; separated diastema from the canine and somewhat 
longer one from p2. much larger than and two-rooted, but has similar com- 
pressed-conical crown, which shows sign wear. The three teeth, pl, and form 
group which without opposition. and resemble those Poébrotherium, com- 
pressed, trenchant and acutely pointed. 

the molars, only the buccal side exposed, but they appear broader than 
Poébrotherium, the upper ones certainly are, and has relatively larger talon. 

The skull essentially like that Poébrotherium, with similarly elongate, narrow 
rostrum and very llama-like appearance, especially when seen from above. There are, 
however, few differences which may have some significance. Thus, front the orbit, 
the maxillary has swollen appearance the Washington skull, which may indicate 
unusually large antrum; both specimens the preorbital part the skull broken 
that the presence prelachrymal vacuities doubtful. The rostrum much thicker 
dorso-ventrally, which may, part, due lateral compression. The premaxillary has 
very broad ascending ramus and extensive contact with the nasal. The rostrum 
longer and narrower, well dorso-ventrally thicker than most species Poébrotherium, 
but andersoni more like Paratylopus this respect. before noted, the presence 
pre-lachrymal vacuities doubtful, but the fossa the maxillary, above the premolars 
and along the nasal suture, decidedly deeper and better defined than Poébrotherium. 
The cranium extends farther behind the post-tympanic process and the occipital crest, 
consequence, descends less steeply the squamosal. The tympanic bulla like that 
the last-named genus, but the posterior groove carried farther along the ventral surface. 


Fig. 130.—Paratylopus primaevus. Atlas, dorsal side, and Axis, left side, X24. Nat. Mus. 
No. 14,763. 


the mandible the principal difference the shape the coronoid process, which 
broader and more erect, and the sigmoid notch wider. 
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Atlas and axis resemble those Poébrotherium except that the transverse processes 
the former are narrower and the odontoid process the axis more elongate. 

There but single White River species this genus, though several John Day 
species are assigned it. 


Paratylopus primaevus Matthew 


Paratylopus primaevus Matthew, Bull. Amer. Mus. Nat. Hist., Vol. 211, 1904. 


The specific characteristics, enumerated Matthew, have already been repeated 
under the heading the genus; remains only give the measurements the Washington 
and New York skulls, the latter the type, and referred specimen, No. 17,358. 


MEASUREMENTS 
U.S. Nat. Mus. 
No. 17,358 Type No. 14,763 

mm, mm. 
Upper dentition, length 100 118 
Cheek-tooth series, 79* 
Lower dentition, length 104 121 
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U.S. Nat. Mus. 
No. 17,358 Type No. 14,763 

mm. mm. mm. 
Lower canine, ant.-post. diameter............. 
Lower cheek-tooth series, 
Lower premolar series, length................. 
Lower molar series, length................... 
M2, ant.-post. diameter.......... 11.5 
M3, transverse 
Skull, length cond................... 164 182 
Cranium, length orbit cond............. 106 
Occiput, width over paroce. 
Occiput, height fr. for. 
Skull, width postorb. 


Horizon: Lower Brulé. 
Locality: Big Bad Lands, So. Dak. 


Pseudolabis Matthew 
(Plate 
Pseudolabis Matthew, Bull. Amer. Mus. Nat. Hist., Vol. 211, 1904. 


large, and caniniform, with double internal crescent. Molars without 

the first camel reported from the Protoceras Beds. very distinct from 
any described genus and clearly off the line descent any the Miocene genera. The 
molars are like those Hypertragulus absence mesostyle; the double internal crescent 
unique character, but evidently special modification from incomplete internal 
crescent such may seen many artiodactyls. The skull remarkably modern- 
ized for Oligocene camel, resembling the Middle Miocene types. The genus apparently 
represents side-line cameline descent, which know nothing (Loc. cit.) 
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was very unexpected find modern-looking skull Oligocene formation, 
skull that would not seem out place Miocene beds. The type-specimen much 
distorted crushing and incomplete, lacking the occiput, the entire basis in- 
cluding the auditory bullae, and the mandible. The upper incisors, except the right i3, 
had all been lost before fossilization, but the matrix-filled alveoli indicate the number and 
size these teeth. the right side, the root remains its socket and shows that 
this tooth was the largest the incisive series and exceeded the canine diameter. The 
canine very small but relatively somewhat larger than Poébrotherium; con- 
siderably larger than the canine, but similar shape, caniniform, Matthew called it. 
These three teeth, i3, and look very much like those the skull female Guanaco 
and are spaced very differently from those Poébrotherium. the latter the three 
incisors and the canine are separated from one another nearly equal intervals and 
isolated longer diastema front and much shorter one behind it. Pseudo- 
labis the canine farther removed from and much farther from which, turn, 
separated from much longer interspace. these long, edentulous spaces which, 
together with the three caniniform teeth, give such modern, llama-like appearance 
the anterior end the rostrum. 

resembles the same tooth Poébrotherium; has much extended, compressed- 
conical crown, with faintly indicated valleys the lingual side. still larger and 
has very prominent internal cingulum the posterior half the crown; incipient, 
very much less conspicuous inner cingulum appears Poébrotherium also. Matthew made 
the structure the chief item the generic diagnosis; this tooth has relatively greater 
antero-posterior extension than Poébrotherium and the internal crescent divided into 
two parts vertical groove, thus forming two incomplete crescents; the anterior horn 
the hinder crescent curves outward and almost reaches the external wall the tooth. 

The molars are hypsodont about the same degree those 
which they have close resemblance, but differ the great reduction the mesostyle, 
which only vestige, near the upper part the crown, remains. 

The Skull has very modern, llama-like appearance and, doubt, were less distorted 
and unmutilated, this resemblance would even greater. The elongation the rostrum 
and the extent the edentulous spaces which isolate the canine and the spike-like first 
premolar are the most obvious the differences from the Poébrotherium skull, say 
nothing the greater size, for this genus much the largest the White River camels. 
Another very llama-like character the shape the anterior nares seen from the side; 
the profile made the border the premaxilla and the curvature the horizontal 
into the ascending ramus. The ascending ramus, while the same general shape 
Poébrotherium, broadens much more rises from the alveolar border and has longer 
suture with the nasal; the middle its course the hinder border above while, 
Poébrotherium, over the canine. There large antorbital vacuity and, finally, may 
mentioned the complete closing the orbit behind the junction the postorbital 
processes frontal and jugal, which does not occur any the other White River camels. 
They all have well-developed process from the frontal, but that from the jugal, when 
more than mere angulation, short and does not touch the frontal process. 

One must agree with Matthew thinking that Pseudolabis was off the main lines 
descent and that none the known Miocene members the family were descended form 
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it. seems have been another the many cases specialization” that 
led permanent result. its ancestry, there obvious reason why should 
not have been derived from one the Chadron Duchesne genera. 


Pseudolabis dakotensis Matthew 
Pseudolabis dakotensis Matthew, Bull. Amer. Mus. Nat. Hist., Vol. 211, 1904. 


The original description reads: spec. Larger than any species Poébrotherium: 
molars hypsodont that genus, resembling them except size and absence meso- 
style. unreduced, without internal cingulum. with strong, complete internal 
cingulum. with two distinct internal crescents, the posterior one sending ridge 
toward the middle part the external crescent. Skull with large prelachrymal vacuities 
and broad circular pit the maxilla above and little front the infraorbital foramen. 
Orbits closed behind, the postorbital process the frontal nearly much extended 
Procamelus. The anterior ends the frontals excavated along the median line into 
marked (Op. cit., 211.) 


MEASUREMENTS 
Upper dentition, length 155 mm. P3, ant.-post. diameter................. mm. 
Upper incisor series, length............ transverse diameter................ 
Upper cheek-tooth series, length........ 107 P4, transverse diameter................ 
Upper premolar series, length.......... ant.-post. diameter................ 
Upper molar series, length............. transverse diameter................ 
ant.-post. diameter................ M2, ant.-post. diameter................ 
transverse diameter............... M2, transverse diameter................ 
P2, ant.-post. diameter................ ant.-post. diameter................ 
P2, transverse diameter............... M3, transverse diameter................ 


Horizon: Upper 
Locality: ‘‘So. 


Pseudolabis (Paralabis) matthewi Lull 
Pseudolabis matthewi Lull, Amer. Journ. Sci., Ser. Vol. 392, 1921. 


This species distinct from dakotensis, that Professor Lull has proposed new 
subgenus, Paralabis, for its reception. The original diagnosis follows: Distinctive 
characters.—Size somewhat larger than Poébrotherium labiatum. Skull mutilated 
that few characters are observable. Auditory bullae less rounded than are those 
Poébrotherium, although fully large. Tympanohyal recess more widely open and inner 
posterior lobe thus narrower, more the later camels, with accessory 
internal crest, connecting the crescent with the rear the tooth suggestive the double 
internal crescent described Matthew Pseudolabis dakotensis, though means 
well developed. 

with its contemporary form from the Protoceras beds, Pseudolabis dako- 
tensis, the present species resembles the latter the comparable cranial details, the relative 
spacing the anterior teeth, the character the third and fourth premolars and the 
actual size M3. differs from Matthew’s form the smaller size, more attenuated 
muzzle, relatively larger and and relatively much smaller premolars, the table 
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measurements shows. The presence the mesostyle, absent the molars dakotensis, 
also very distinctive. Some these distinctions, as, for instance, the relatively smaller 
canine and dakotensis, might sexual, were their possessor not considerably 
larger animal. The presence the mesostyle and the relatively more elongate muzzle 
and smaller premolars the new form are both progressive characters which its contempo- 
rary lacks, showing the two divergent species, the time and space limitations 
render the derivation one from the other impossible. The gap formed between them 
certainly subgeneric and possibly generic The following table condensed 
from Lull’s. 


MEASUREMENTS 


Horizon: Upper Brulé (Protoceras Beds). 
Locality: Sturgis, So. Dak. 


Poébrotherium Leidy 


(Plates LXIV, LXV) 
Poebrotherium Leidy: Acad. Nat. Sci. Philad., 1847, 322. 
The species this genus are among the commoner White River fossils and were 
long the only camels known from the formation. 


DENTITION 


Upper Jaw: The incisors are subject great variation and can seldom depended 
upon for distinctions; from the older part the lower Brulé, the 
upper incisors and canine form series four subequal teeth which are small, conical and 
equally spaced apart. the variant which Troxell has named andersoni, the canine 
and first and second incisors are greatly reduced and the third incisor much enlarged. 
and labiatum usual that the third incisor the largest and most tusk- 
like the series, but the other incisors and the canine are not greatly reduced and even 
the third incisor not large andersoni. The upper canine always small. 
The first premolar isolated diastema, both front and behind it; implanted 
two fangs, and has very simple, compressed, and trenchant crown, which remarkable 
for its antero-posterior elongation. and are similar general character, but are 
even more elongated; the outer side they exhibit prominent median ridge with anterior 
and posterior depressions. Some specimens show well-marked antero-external buttress 
others this but feebly developed. very small internal festoon shown 
the posterior half the crown some individuals; others have trace much 
less elongate (antero-posteriorly) than the anterior premolars, and resembles the corre- 
sponding tooth the ruminants generally being made two crescents, external 
and internal one. 
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The molars are all high-crowned, and are not strongly extended antero-posteriorly, 
the true molar series but slightly exceeding the premolar length. the smallest 
the three both dimensions. slightly longer and narrower than 


each them the crown composed four crescents, trace the unpaired fifth lobe 


ever appearing; the valleys are very narrow and rather shallow, that they are obliterated 
comparatively early stage wear. The outer wall the crown has distinct, though 
very much compressed, median buttress, and much less prominent anterior buttress: 
each crescent has well-defined median ridge. the recent genera, and especially 
Camelus, the posterior half decidedly narrower than the anterior half; 
Poébrotherium this difference indicated but slightly. The presence internal basal 
pillars subject much variation. one specimen find minute trace such 
structure and and fairly well developed pillar second specimen 
shows trace and none the others, while third specimen entirely devoid 
them. 

Lower Jaw: The incisors are small, and have simple, compressed crowns, very 
different from the curious, shovel-like teeth existing species. They differ also from the 
latter relative size, the median incisor being the smallest and the external the largest 
the series. position they are quite strongly procumbent. The canine, all the 
specimens which have seen, very small, though larger than the incisors; more 
erect than the latter, and has very much compressed crown, the anterior and posterior 
edges which meet nearly right angle. The first premolar, the upper jaw, 
stands isolated, both from the canine and from p2; implanted single stout 
fang, and has very small simple crown. The other premolars increase size from 
and are all much alike, have elongate and very much compressed crowns, with 
acute apex and trenchant edges; each has distinct anterior basal cusp, and and 
there internal ridge which runs backwards from the median apex. This barely 
indicated p3, but well shown and some specimens encloses distinct 
with the external wall; others open internally. The molars are elongate but very 
narrow, and show distinct tendency toward hypsodonty; the valleys are very narrow, 
but perfectly simple, and not complicated any projections from the walls; the internal 
faces are much flattened, and there are pillars anterior which 
are conspicuous the Llama. The fifth crescent varies very much size, being 
nearly twice large some specimens pillars are much less frequent 
than the upper molars. have seen them but one specimen, and then mere 
rudiment 

The chief peculiarity the dentition consists the very elongate, 
simple, and trenchant premolars which recall those Xiphodon rather than those any 
existing ruminant. 

The Milk Dentition: have not been able determine whether the first premolar has 
predecessor not; all events, the tooth which represents the temporary series 
similar size and constitution. The second upper milk premolar (dp2) like its successor 
the permanent set, but the third one very different; consists posterior 
pair crescents, internal and external, while the anterior portion the tooth long 
cutting blade with hardly rudiment the antero-internal lobe. the structure 
dp3 Poébrotherium thus agrees with the tragulines and the more ancient selenodonts 
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generally; seen from the outer side there are three cusps, but only one internal one, the 
posterior. Poébrotherium, however, the anterior blade very much 
meyer has laid great stress upon the construction this tooth his classification the 
selenodonts. Dp4 composed four crescents like true molar, but proportionately 
broader. the lower jaw the three anterior milk-molars are very similar their suc- 
cessors the permanent series; the first one, not certain whether changed, 
though probably is, least some cases. Thus all the adults which have seen 
implanted single fang, while some young animals the first milk-molar inserted 
two fangs, others only one. like that the selenodonts generally, con- 
sisting three pairs crescents, which the posterior pair markedly broader than 
the others. 

The milk dentition remains long place, until the true molars have all appeared and 
are full use. 

SKULL 


general appearance the skull Poébrotherium decidedly like that the Llama, 
though with many important differences. The cranium short and rounded, the face 
very long and tapering; the upper contour the skull nearly straight, the orbits very 
large and prominent and situated farther back than either the living genera; the 
occiput rather high and narrow, the face very shallow, especially anteriorly, and the 
narial opening low, narrow, and nearly vertical. The zygomatic arches are rather short 
and very slender. The cranio-facial axis straight, and the sagittal crest long, but 
low and thin. 

Examined more detail, the skull Poébrotherium exhibits its tylopodan affinities 
very clearly, though, would naturally expected, less extreme degree than the 
existing forms. The basioccipital differs shape the two species; 
long, narrow, and rounded, being reduced mere rod the enormously inflated tympanic 
bullae, while labiatum the more moderate size the bullae allows expand into 
quite broad plate, with well-defined keel and lateral rugosities. The condyles are sessile, 
not projecting all behind the plane the occiput; inferiorly they meet the median 
line, and are not separated groove, the case the recent species. Though the 
articular surface continued well forward the basi-occipital, there not formed that 
accessory surface for the inferior arch the atlas, which found the Camel. The 
exoccipitals are broad and low; the supraoccipital high and narrow, forming prominent 
lambdoidal crest, and continued well forward upon the roof the cranium. The shape 
the occiput and especially the crest rather more like the condition found Camelus 
than the Llama; the median line strongly prominent, caused partly the shape and 
position the vermis the cerebellum, partly thickening the bone this region 
and development diploétic structure. The foramen magnum nearly circular 
outline, and differs from that the Recent species chiefly the character the upper 
margin, which more horizontally directed, and the median line notched, with 
slight projection each side it. The paroccipital processes are quite long, broad, 
very thin plates, ending obtuse point; they are flattened antero-posteriorly, and when 
seen from the side present hardly more than their edges view; for most their length 
they are closely applied the auditory bullae. These paroccipital processes are placed 


more advance the condyles than the Recent species, and are separated from them 
deep fossae. 
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The longer and narrower than the basioccipital, and, like it, different 
the two species, being decidedly broader and more flattened labiatum; its anterior 
termination just within the pterygoids. The presphenoid much obscured the 
long, sloping vomer that very little visible. The alisphenoids have narrow descend- 
ing pterygoid plates, which, compared with those the Llama and more especially the 
Camel, are extremely short, and terminate distinct hamular processes, which, however, 
are means prominent the modern species. The ascending portion the 
alisphenoids rather small, and each side the basisphenoid they flatten out into 
broad surfaces which slope gradually the glenoid cavities, the latter being but little 
above the level the cranial axis. This shape the alisphenoids does not occur the 
Recent species, as, correlation with the heightening the molar crowns, the glenoid cavity 
placed higher level, that this portion the alisphenoids has become almost 
vertical. The orbitosphenoids seem have about the shape and proportions seen 
the Llama. 

The tympanics are inflated into enormous bullae, which both species Poébrotherium 
are relatively much larger than the Recent genera, and are more rounded. the small 
species, wilsoni, they are larger and less compressed than labiatum, and both 
the long diameter directed nearly parallel the cranial axis, while the modern forms 
placed wide angle with it. The posteroexternal angle the bulla shows deep 
styloid groove, ‘‘a vertical gutter ending below pit with process for the conjunction 
the styloid (Leidy). The pit decidedly smaller and shallower than the Llama, 
and less distinctly separated from the groove. The stylohyal does not appear have 
been ankylosed with the tympanic; all events, find trace any the speci- 
mens which have examined. the Tylopoda generally, the bulla filled with 
cellous bony tissue. The external auditory meatus closed ring, opening slightly 
upwards and backwards; its rim does not project all beyond the surrounding parts 
the squamosal. The mastoid portion the periotic exposed the occipital surface, 
filling very narrow space between the squamosal and the exoccipital. 

The parietals are very long, and form almost the whole the roof the cranium, 
but for most their length they are narrowed the great extension the squamosals, 
front which they send down very long descending processes meet the orbito- 
sphenoids. Throughout their entire length they unite form the low and very thin 
sagittal crest which rises posteriorly join the crest the inion. Anteriorly the parietals 
diverge receive the pointed ends the frontals, and are thus much shorter the median 
line than the sides. This region the cranium very like the corresponding part 
the Camel, but the sagittal crest not prominent and the parietal zone hardly long; 
the Llama this zone very much shorter and the sagittal crest reduced very small 
limits. The shape the cranium Lama very different from that Poébrotherium, 
being dome-shaped with its highest point the fronto-parietal suture, and the upper 
contour sloping downwards and backwards the occiput and anteriorly the forehead, 
while and the Camel the highest point the crest the inion, and from 
here the upper contour inclines downward the forehead. 

The squamosals are very large and form most the side walls the cranium. The 
root the zygomatic process less extended antero-posteriorly than the Llama, and 
the process itself rather shorter and straighter; received anteriorly into deep notch 
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the jugal. The glenoid cavity much extended from before backwards, and nearly 
flat; the postglenoid high and broad but very thin, and close contact with the bulla; 
its articular surface continuous with that the glenoid cavity, but some specimens 
they are slightly separated, while the Recent genera wide and deep depression intervenes 
between the two. There elevation the outer margin the glenoid cavity into 
process, such occurs inthe Camel. The process the short 
and closely united with the posterior lip the meatus auditorius. This process placed 
much farther advance the occipital condyles than the existing species, and 
consequence the lambdoidal crest, when viewed from the side, has much more oblique 
course downward and forward. This elongation the posterior region the cranium 
common the primitive forms many mammalian groups, and brought about, far 
can judge, the greater proportionate size the medulla oblongata and cerebellum. 

The jugal has nearly straight course, running forward almost parallel with the axis 
the skull and forming the lower rim the orbit such manner that opens nearly 
straight outward and but little forward, though this eversion the posterior part more 
strongly marked the larger specimens labiatum. The postorbital process the 
jugal long, slender, and curved, but does not quite reach the corresponding process 
the frontal, that the orbit not completely enclosed bone. The jugal extends 
farther forward upon the face than either the living genera, and there marked 
rugosity for the attachment the masseter muscle. The lachrymal rather small, but 
extends more the face than the Camel, and articulates with the frontal, maxillary, 
and jugal, but not with the nasal, from which separated process the maxillary. 
There is, however, such vacuity this point, occurs the Llama and less extent 
inthe Camel. The lachrymal foramen double, and situated within the rim the orbit. 

The frontals are broad but short; they are widest just above the orbits, and from this 
point they taper posteriorly and are received into deep notch formed the diverging 
parietals. From the anterior end the sagittal crest distinctly marked supra-orbital 
ridges diverge, and, curving forward and outward, terminate the long and rugose post- 
orbital processes. Near the front the upper rim the orbits there deep and widely 
open notch. Anteriorly the frontals terminate little any advance the front the 
orbits. There are considerable frontal sinuses, but they not produce any bulging 
the skull. The frontal zone the cranium less developed than even the Camel, and 
has hardly any share roofing over the cerebral hemispheres. The orbits are very large 
and situated low down the face; they are much farther back than the Camel, the 
anterior rim being over the second molar, and some specimens over the third. This 
decided advance over the condition found the primitive selenodonts generally. The 
alveolus the third molar makes hardly noticeable projection into the antero-inferior 
portion the orbit. The orbits are also remarkable for their depth, which great 
that veritable interorbital septum formed, the tragulines. existing tylopodans 
there such appearance. 

The nasals are very different from those either the recent genera, especially 
their greater length. their junction with the frontals they are quite broad, but rapidly 
taper, and for most their length they are extremely narrow; anteriorly they extend 
nearly the tips the premaxillaries. 

The mazillaries are long and low; the alveolar portion especially low, and thus the in- 
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ferior rim the orbit separated from the teeth much narrower space than the 
modern types. But even the facial portion the maxillaries very low, especially front, 
and the nasal chamber not nearly high the Camel and Llama. Just below the line 
suture with the nasals there long depression the maxillaries, which constant all 
the specimens, and cannot therefore entirely due pressure. Seen section the nasal 
passage thus has curious shape, very narrow above, but broad and very low beneath. 


Posteriorly the maxillary sends short process between the lachrymal and nasal, which 


reaches the frontal, Camelus, while Lama the vacuity developed this point 
prevents more than the minutest contact with the frontal. The alveolar border prolonged 
much farther back the last molar than the existing forms. The face 
does not exhibit the sudden constriction advance p3, which characteristic 
recent Tylopoda, but tapers gradually the muzzle, and the premolars are still 
present unreduced number, there much shorter edentulous region the maxillary 
than the Camel and Llama. 

The are large and there little distinction between horizontal and 
ascending rami; the alveolar portion stout and the ascending ramus wide and steeply 
inclined and has long suture with the nasal; the palatine plates are broad and the incisive 
foramina are relatively small. The anterior nares have thus the low, narrow shape and 
nearly vertical position which occurs Anoplotherium, Merycoidodon, and 
fact most the primitive selenodonts, and very different from the long, obliquely placed 
opening the Recent tylopodans. Apparently the palatine plates the premaxillaries are 
large proportion and but little reduced the incisive foramina. The palatine processes 
the maxillaries are long, narrow and tapering anteriorly, giving the palate the tri- 
angular shape, very narrow front, which characteristic the Camelidae, but there 
hardly any indication the constriction the palatal surface the diastema behind the 
first premolar and re-expansion the canine alveoli, which marked the Recent genera. 
The palatine fissure between the alveolus and the posterior nares very shallow, though 
subject considerable variation; some specimens hardly reaches the third molar. 

The palatines are narrow and are intermediate character between those Camelus 
and those Lama; they extend well forward, far the first molar, and have their 
anterior edges truncate the Camel, but not form much the hard palate 
that animal, account the more anterior position the nares; the other hand, they 
have greater extension the roof the mouth than Lama. The posterior nares 
resemble those Lama shape and position; they are very long and narrow and with 
lancet-shaped anterior margin, which extends far forward the interval between the 
second and third molars. The canal is, however, very much lower than the existing 
forms. The pterygoids are short and end very small hamular processes, and the pterygoid 
fossa mere shallow slit. The vomer conspicuous septum through nearly the 
whole length the posterior nares. 

The mandible has very long and slender horizontal ramus with sinuous lower border; 
the symphysis long and spout-like, but shorter than the modern genera; and all 
the premolars are present, the edentulous portion very much shorter. The angle 
prolonged into great hook-like process which far more conspicuous, though much 
less vertical extent, than the recent genera. The ascending ramus low and more 
sloping than the recent forms; the coronoid process more recurved and pointed, and 
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the masseteric fossa deep but small extent and situated very high up. The condyle 
more transversely extended and less rounded than the Camel and Llama, and the 
articular surface for the postglenoid process very small. Aside from the great production 
the angle, the ascending ramus the jaw more like that true ruminant than 
the Llama. 

The Foramina the skull Poébrotherium are for the most part like those the 
modern Tylopoda. The external opening the supra-orbital canal placed near the 
median line, the Camel; the infra-orbital foramen over the fourth premolar, the 
position which occupies the existing species,.but the less height the alveolus brings 
nearer the teeth. The posterior palatine foramina are very far forward, opposite 
the third premolars, and can detect but single pair them. The two optic foramina 
are placed low down and very close together, though not quite contact: the outer lip 
not produced into spine. The foramen lacerum anterius and the foramen rotundum 
have coalesced, but the opening not large the Recent species. The foramen 
ovale and foramen lacerum medium occupy the same position the Llama. There 
large postglenoid foramen which does not Llama. The carotid canal distinct 
from the foramen lacerum posterius. the Llama there are the root the zygomatic 
process the squamosal three venous foramina, the anterior one which small, the 
two posterior very large: only the former present Poébrotherium, and both the 
modern genera there large foramen between the mastoid and exoccipital, which 
very minute Poébrotherium. 

Juvenile Skull: The beautifully preserved young skull (Princeton Univ. Mus., No. 
11,011) shown Plate LXIV, Fig. complete, except for the anterior part the pre- 
and retains all the milk-teeth save the upper incisors; the first molar, above and 
below, has been erupted. This skull differs less from the adult than usual among mam- 
mals similar age: the differences from the full grown skull may listed follows. 
(1) The cranium rounded and capacious and has sagittal crest; (2) the rostrum 
relatively shorter; the orbit farther forward and the notch its dorsal border 
much wider; (4) the postorbital processes, especially that the jugal, are much shorter; 
(5) the ascending ramus the mandible has much greater backward inclination, the 
horizontal ramus more slender and the symphysis steeper and less procumbent. 


BRAIN 


The brain has been described but shall need ex- 
amine from somewhat different point view. render the significance the 
description clear, the following account the Camel’s brain quoted from Krueg:? 
Gehirne [i.e. Camel and fallen auf durch die 
Charakteristica der Gehirne grosser Thiere, und zwar jenes des Kamels noch mehr 
als das, von einem jungen Thiere stammende, des Dromedars: gedrungene Gestalt, 
fast verwirrender Furchenreichthum und ausserordentlich starke Pronation. 
Zwischen Fissura Sylvii und Fissura suprasylvia sind mancherlei accessorische Furchen 
eingeschoben, welche die Fissura suprasylvia hoch nach dass sie bei 
seitlicher Ansicht eben nur noch sichtbar bleibt. Auf der obern Seite riickt gleicher 


Bruce, T.; Contrib. from Mus. Princeton, Bull. No. 39. 
Krueg, Zeitsch. fiir wissensch. Zool. Bd. XXXI, 322. 
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Weise die Fissura lateralis stark den (abgerundeten) medialen Rand, dass sie schon 
mehr der medialen als der obern scheint. Gleicherweise riickt das 
hintere Ende der Fissura coronalis sammt dem Biigel auch dem medialen Rand zu, und 

Fissura rostralis ist vorhanden, bezugs der Fissura postica bestehen, eben wegen 
des Reichthums Furchen, einige Zweifel die richtige Deutung. Aehnliche Zweifel 
bleiben auch bezugs der Fissura diagonalis. sei noch dass sich die 
Fissura rhinalis wie bei reich gefurchten Gehirnen nach vorne oben eine 
Furche fortsetzt und dass der Lobus pyriformis eine tragt. 

bisher angegebene Merkmale sind vielmehr durch die als durch die Art 
des Thieres bedingt. Das einzige auffallende Merkmal, wodurch sich die Tylopoden dann 
allerdings von den meisten Hufthieren unterscheiden wiirden, besteht der schiefen 
Stellung der Fissura coronalis, die von hinten median, nach vorn lateral gerichtet 

Poébrotherium the hemispheres are rather short and narrow, ending posteriorly 
little advance the auditory meatus and tapering anteriorly, the brains the 
smaller ungulates, such the tragulines, Moschus, ete. the anterior part the hemi- 
spheres the vertical depth conspicuously small. The cerebellum large and completely 
uncovered, the cerebrum not extending over all. The frontal lobes the hemispheres 
are extremely small, while the parietal, occipital, and temporo-sphenoidal lobes are fairly 
well developed. The cortex much less richly and complexly convoluted than the 
Camel and Llama, and the convolutions are but very slightly sinuous. The sulci which 
are present are, with few exceptions, those which Krueg has mentioned being character- 
all ungulates. general shape and appearance the brain Moschus very like 
that Poébrotherium; but there are important differences, especially the degree 
and (to use Krueg’s terms). Moschus, Tragulus, the 
hemispheres are strongly supinated; the sulci, which are typically confined the 
medial surface, make their appearance the dorsal side. the opposite 
tendency apparent; viz. for the sulci the dorsal surface move toward the middle line. 
The fissura lateralis thus brought close the medial edge, from which separated 
only very narrow median gyrus; long and nearly straight, and closed front 
the union the median and medi-lateral gyri. accessory sulcus runs parallel with 
the lateral for about three-fourths its length. The suprasylvian sulcus placed very 
high up, nearly, though not quite high the Camel: very long and but slightly 
sinuous, and anteriorly passes into the coronal sulcus. The latter, correctly identified, 
placed higher than the Recent species; and its posterior limb runs inward and forward, 
almost reaching the median line. The diagonal fissure, present all, represented 
very short which connects the sylvian fissure its anterior end with the supra- 
sylvian. The fissura postica longer than the Camel, and has somewhat less oblique 
position, running nearly parallel with the suprasylvian. Between these two sulci there 
short accessory sulcus which runs from the hinder edge the hemisphere, and then 
curves downward join the suprasylvian. The sylvian fissure quite long and nearly 
straight, and passes somewhat obliquely upward and forward; appears both 
straighter and longer than the Camel, especially the pars posterior, which the Camel 
very short. The cast shows indication processus acuminis. The rhinal sulcus 
but very faintly marked. 
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The cerebellum too much damaged the two available specimens for accurate 
description. relatively large, both transversely and antero-posteriorly, and has 
very broad, prominent vermis, which rises from the medulla nearly right angle, and 
when the skull placed horizontal position, seen project somewhat above the 
plane the hemispheres. The lateral lobes the cerebellum are broader than the vermis, 
and have high, nearly vertical, posterior faces. 


VERTEBRAL COLUMN 


Cervical Vertebrae: The atlas, compared with that the Recent Tylopoda, differs 
some important respects, especially its greater elongation proportion its transverse 
breadth, and has shape not altogether unlike that Anoplotherium. The anterior 
cotyli for the occipital condyles are deeply concave and quite depressed; inferiorly, they 
are almost contact the median line; superiorly, they are separated deep emargina- 
tion which wider than the existing tylopodans. the latter the external margin 
each cotylus marked deep notch, which but slightly indicated Poébrotherium. 
The neural arch higher, narrower, and more convex than the Camel and Llama, 
which flattened, and the neural spine more distinctly indicated. The inferior arch 
the larger species, labiatum, resembles that Lama having strong median 
keel with deep depression each side it; the smaller wilsoni, this appearance 
less distinct, and the Camel the arch regularly convex from side side. the latter 
genus the anterior edge the inferior arch shows each side the median line articular 
surface for the accessory facets the basi-occipital: Poébrotherium agrees with Lama 
showing trace this. The posterior facets for the axis are high and narrow, and are 
reflected upon the inner surface the arch; the facets the two sides have somewhat 
more oblique position than the recent genera, where they lie nearly the same transverse 
plane. The transverse processes differ from those the recent genera their much 
greater antero-posterior extension, they are produced considerably behind the condyles 
for the axis, and terminate posteriorly blunt points, the ordinary ruminants; from 
these points the thickened margins the transverse processes sweep forward gentle 
curves, dying away upon the anterior cotyli. Seen from the side, the edge the process 
not sinuous, but nearly straight. Lama the transverse processes project hardly 
all behind the facets for the axis, and the Camel they terminate advance these 
surfaces. both the living forms the edge the transverse process bent sigmoid 
curve, running anteriorly and dorsally. The foramina the atlas are much the 
Recent genera. The neural arch perforated foramen for the superior branch 
the first spinal nerve, and the forward extension the transverse process converts the 
anterior notch its root into foramen. The posterior opening the vertebrarterial 
canal enters the base the transverse process from behind, while the Camel and Llama 
placed upon the dorsal side. 

The axis has already assumed strikingly tylopodan character. The centrum very 
long, narrow and depressed, and faintly keeled throughout its length, the keel terminating 
behind high and quite rugose hypapophysial tubercle. The anterior end the centrum 
quite suddenly expanded form the articular surfaces for the atlas, which rise high 
upon the sides the neural canal, and inferiorly are continuous with each other and with 
the facet upon the ventral face the odontoid process. The lower edge this compound 
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facet is, however, emarginated the middle line, indicating that formerly the surfaces 
the two sides were separated, while the existing forms both Pecora and Tylopoda 
this margin uninterruptedly curved from side side. The odontoid process peculiar 
being exceedingly short and semi-cylindrical shape, the inferior surface being convex 
and the superior flattened, and the free anterior margin gently rounded, not abruptly 
the existing genera the Camelidae, well the true ruminants, the 
odontoid process spout-like, with deeply concave dorsal surface, while that 
Poébrotherium resembles rather the odontoid Anoplotherium, the oreodonts and other 
primitive selenodonts, except that decidedly smaller. The anterior end the axis 
Poébrotherium differs from that Camelus being much less oblique, and the fact that 
the odontoid not directed dorsally well forwards: these respects more like 
the axis the Llama. The posterior face the centrum slightly concave. The neural 
arch high and narrow, and the neural spine expanded into high thin plate, which 
very different character from the spine the Recent genera, that both higher 
and longer (antero-posteriorly), projecting behind the postzygapophyses, while the 
Llama, and especially the Camel, terminates some distance front the zygapophyses, 
ending bifid rugosity, which not indicated The postzygapophyses 
are small and slightly concave from side side. The transverse processes are short and 
very thin, depressed plates. The anterior opening the vertebrarterial canal placed 
laterally, the Camel (but not far forward); the Llama the opening inferior 
rather than lateral. This canal appears enter the neural canal little more than half- 
way toward the posterior end, though difficult decide this question with accuracy 
from the available specimens. The pedicles the neural arch are perforated the second 
pair spinal nerves. 

The third cervical slightly longer than the axis, and has narrow, depressed centrum 
which broadens posteriorly, that the hinder face much broader than the front; the 
latter slightly convex, the former concave. Throughout the entire length the centrum 
there inferior keel, which, for the anterior two-thirds its course, faintly marked 
ridge, but then becomes much more prominent and ends behind rugose tubercle. 
The transverse processes expand posteriorly and terminate flat, depressed wing-like 
projections. There already indication division the process into anterior and 
posterior portions, but the former has not attained any such development appears 
the Camel. The neural arch low front and rises behind and the pedicles are deeply 
notched anteriorly for the passage the spinal nerves. The neural spine represented 
only very feebly marked ridge. The postzygapophyses are much larger and diverge 
much more strongly than the prezygapophyses, and from the base the latter sharp 
ridge runs posteriorly along the side the pedicle the neural arch. There this 
vertebra visible opening for the vertebrarterial canal. 

The fourth cervical slightly shorter than the third, measuring about six-sevenths 
its length, but otherwise very much like it. The anterior portion the transverse 
process is, however, more developed, and more clearly distinguished from the posterior 
portion, and projects downward, somewhat the Recent forms, but much less marked 
degree. The inferior keel and tubercle are more prominent than the third vertebra. 

The fifth cervical shorter than the fourth, about five-sevenths its length, but 
differs from other important respect, except that the separation the transverse 
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process into anterior and posterior portions more distinct. both these vertebrae 
the down-projecting anterior portion the transverse process very different shape 
from that which occurs the Recent genera, being much less massive and rugose, and 
having thickened and regularly curved margins, which extend somewhat advance 
the anterior face the centrum. Neither this vertebra nor its predecessor has neural 
spine visible vertebrarterial canal. 

The cervical strikingly different from the others, and less like its representa- 
tive the modern genera than any other vertebra the neck. The centrum considerably 
shorter than that the fifth vertebra, which, the specimen are describing, measures 
mm. length, while the sixth measures but mm., and higher proportion its 
breadth. The anterior face quite strongly convex and nearly hemispherical shape, 
the posterior strongly concave. The inferior keel and tubercle are almost obsolete. 
The neural arch high and occupied throughout its length thick neural spine, 
which unfortunately broken away the only specimen before me, that its height 
cannot determined, but was obviously much better developed than the Llama, 
and was apparently quite large proportion Camel. The pedicles the neural 
arch are higher than the Recent genera, and the zygapophyses project farther front 
and behind the centrum. The transverse process long, stout, depressed plate, 
which much more prominent, and has greater antero-posterior extent than the 
living species, and the base the process perforated throughout its entire length the 
vertebrarterial canal, which not the case the Camel Llama. Beneath, and slightly 
advance the posterior opening the vertebrarterial canal, there another large 
foramen, which, however, merely enters the bone and does not perforate it. This second 
foramen likewise absent the modern Tylopoda. The inferior lamella very large 
and massive plate, which longer than the centrum and very different shape from that 
the Llama. the latter the lamella separated into two portions, anterior one, 
which compressed and projects downward, and posterior one, which depressed and 
projects outward. this separation does not occur, the lower margin 
the lamella being entire, and giving the whole vertebra appearance quite like that 
horse. The vertebra decidedly shorter proportion than the case the Llama. 
The sixth cervical Camelus dromedarius, figured Blainville, resembles that 
the Llama the division the lamella, while specimen bactrianus find this 
vertebra more like that 

The seventh cervical the shortest vertebra the series, much shorter, proportionally, 
than either the living types. The centrum broad and depressed for most its 
length, but advance the transverse processes becomes suddenly constricted form 
the small and nearly hemispherical anterior face. The posterior face concave, broad, 
and low, and shows facets for the first pair ribs. The pedicles the neural arch are 
high, the neural spine thick and inclined forward, the prezygapophyses large, widely 
separated, and projecting more advance the centrum than the case the Recent 
species. There only the faintest trace the hypapophysial keel and tubercle. 

will plain from the foregoing description that the cervical vertebrae 
Poébrotherium have already assumed the features characteristic the Tylopoda, but 
somewhat less marked degree than the Recent forms that group. Indications 
more primitive condition are found the structure the transverse processes, the retention 
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the vertebrarterial canal the sixth vertebra, the shape the atlas, the character 
the odontoid process, and the less elongated and less massive development the neck 
take the length the humerus standard, and call that 100, the length 
the neck Poébrotherium would 197; Lama, 280; and Camelus, 286. 

The dorsal vertebrae: The first dorsal has centrum which nearly long the 
last cervical, and broad and flattened from above downward; the anterior rib-facets are 
nearly flat, but are projecting processes, very much asin the Llama. The inferior face 
the centrum has its anterior part broad ridge with raised and rounded margins, 
and each side this small pit, all which occur also Lama, the first dorsal 
which this vertebra closely resembles, though its centrum decidedly longer pro- 
portion. The prezygapophyses are larger, higher, and project more advance the 
centrum than the Recent forms; the transverse processes, the other hand, are rather 
shorter, and end large, deeply concave facet for the tubercle the first rib. 

The second, third and fourth dorsals have centra which are shaped very much like 
that the first, but they gradually become less distinctly opisthocoelous, shorter, narrower, 
and less depressed. the middle region the thorax the vertebrae are relatively large 
and heavy, with large spines which slope strongly backward; but these spines are very 
much more slender than the existing tylopodans, and far can judged from the 
specimens hand were also proportionately longer. Metapophyses first appear the 
ninth vertebra, rising from the transverse process just above the facet for the tubercle 
the rib; they increase size the tenth and eleventh, but retain the same position, 
while the twelfth and thirteenth they shift the prezygapophyses. The centra 
the posterior dorsals become elongated, broad, and depressed, and have nearly flat faces. 
The spines are strongly inclined backward until the twelfth vertebra reached, which 
the anticlinal, and has curious plate-like spine, with deeply concave anterior and nearly 
straight and vertical posterior margin. The last dorsal has broad, plate-like spine, like 
that alumbar vertebra. the eleventh vertebra the postzygapophyses tend become 
and are received into the concave prezygapophyses the twelfth, which 
vertebra and the thirteenth these processes are the interlocking cylindrical type common 
all artiodactyls. The spinal nerves pass out between the neural arches, and case 
are the pedicles perforated them. The chief difference between the dorsal vertebrae 
Poébrotherium and those the Recent Tylopoda lies the character the spines, which 
the latter, and more especially the Camel, are extremely massive. 

The lumbar vertebrae number six and are relatively large. The centra are long, broad, 
and depressed, and become more pass backward: they have nearly flat slightly 
opisthocoelous faces, and are keeled inferiorly; while the posterior part the region 
there faintly marked ridge each side this keel. The transverse processes have 
greater antero-posterior extent than the Recent genera, and the neural spines are more 
compressed and decidedly less massive. The zygapophyses are the typical interlocking 
shape, but they differ detail from the structure seen the modern genera. the 
Camel additional complication has arisen, the appearance concave surface above 
the postzygapophyses, the episphenial process, which also occurs several the true 
ruminants. Naturally, the prezygapophyses are modified fit them. the Llama these 
processes appear irregularly, sometimes present one side and not the other, and are 
often absent altogether. Poébrotherium slight beginning the same structure may 
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observed some the lumbar vertebrae. this genus, also, the postzygapophyses 
are more angulated than the Llama, the superior and inferior articular surfaces not 
passing into each other such gentle, regular curvature. 

Poébrotherium had longer tail than the modern representatives the group. 


The ribs Poébrotherium differ decidedly from those the Camel and Llama their 
much greater slenderness. The anterior ribs are short and flattened, but means 
broad the existing species; while those the median and posterior regions are much 
more slender than usual among recent artiodactyls, and are rather compared 
the ribs carnivores. This is, however, usually the case among the more ancient ungulates, 
and Hyraz still retains this type rib-structure. the existing Tylopoda, and especially 
the Camel, the ribs are very irregularly curved, but Poébrotherium they have only the 
usual outward and forward curvature. 


Fore 


The scapula (text figures 130, 131) is, the whole, rather more like that the Llama 
than that the Camel, though individual variations considerable extent occur, which 
approximate the condition found Camelus. the latter the scapula much higher 
and narrower than the Llama; the spine rises nearer the glenoid cavity, and runs 
nearly median position, dividing the blade into nearly equal pre- and post-scapular fossae; 
the acromion less developed, the neck longer and broader, the coraco-scapular notch 
higher and more gently curved, and the coracoid much more massive and rugose. 
Poébrotherium the neck very slender and contracted (in some specimens considerably 
broader than others), and the spine rises nearer the coracoid than the glenoid 
border, making the prescapular fossa much narrower than the postscapular, but the difference 
not great Lama, and the outline formed the coracoid border rather more 
like what find the Camel than inthe Llama. rises abruptly considerable 
height and runs somewhat straighter and less sinuous line than either the Recent 
genera; the acromion very long, expanded the free end, and somewhat retroverted. 
The glenoid cavity shallow and nearly circular outline, the antero-posterior diameter 
but slightly exceeding the transverse; this varies, however, different specimens, does 
also the degree thickening and rugosity shown the edge the glenoid cavity. The 
coracoid process less prominent than the existing genera and very much less massive 
and rugose; them, however, curved inward the free extremity. 

The humerus (Pl. LXV, Figs. 6a) strikingly different from that the modern 
representatives the group, and the same way the humerus Mesohippus differs 
from that the existing horses. the humerus relatively long and 
slender, with feebly developed ridges for muscular attachments; the deltoid ridge and 
hook, conspicuous the Recent forms, are here but roughened line; and the supinator 
ridge, though running far upon the shaft, but faintly indicated. The shaft shows 
the same sigmoidal curve Camelus and Lama, but less degree, and very 
much more slender, especially when seen from the front, for the antero-posterior extent 
the proximal part the shaft considerable. The head strongly convex, more 
sharply constricted off from the shaft, and presents more decidedly backward than the 
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Recent genera. The external tuberosity high and roughened ridge, which extends 
across nearly the entire anterior face the bone, ending prolonged and massive 
hook which overhangs the bicipital groove. The upper margin this tuberosity slanting 
the external side, projecting but little above the head, but rising high above the 
internal side. The internal tuberosity small and separated from the outer one only 
the narrow and deep bicipital groove, the bottom which occupied the very 
small beginning what Kowalevsky has named the The bicipital 
groove thus confined the antero-internal angle the head, and overhung the 
external tuberosity hardly visible all when viewed from the front. first 
sight, therefore, the proximal end the humerus Poébrotherium appears totally 
different from that the modern Tylopoda, which the external tuberosity but little 
larger than the internal, from which separated very wide interval: the bicipital 
groove has immensely broadened, and separated into two parts the bicipital tubercle, 
which has become almost large the tuberosities proper, and situated the median 
line the humerus. Great this difference is, entirely bridged over the inter- 
mediate genera. 

The distal end the humerus proportionally narrow; the trochlea set somewhat 
more obliquely the long axis the shaft than the case the modern forms, and has 
considerably greater height the internal than the external side—a difference which 
hardly indicated the Camel and Llama. The intercondylar ridge faintly marked, 
low, narrow, and rounded swelling, and differs strikingly from the broad and prominent 
ridge Camelus and Lama. The external epicondyle but little developed, forming 
merely stout ridge, but the internal one quite large and forms prominent rugose 
projection the postero-internal angle, very much the Camel: the Llama this 
considerably reduced. The trochlea higher than the Recent species, and especially 
carried the posterior side the bone very much higher than the Camel—a mode 
development which reverses that which occurs the true ruminants. The anconeal 
fossa small but deep and perforates the shaft, thus forming small supratrochlear foramen. 

The ulna and radius are firmly co-ossified throughout their length, and are remarkably 
long and slender, though not quite long the existing Tylopoda. Assuming the 
length the humerus 100, that the radius 115, while the Camel 125. 
Just below the proximal end there small interosseous foramen which penetrates from 
side side, and above the distal end there appears another; all events there 
very deep anterior fossa between the two bones this point. 

correspondence with the narrowness the humeral trochlea, the head the radius 
but slightly broader than the shaft. The articular surface divided into two concave 
facets very low ridge which forms inconspicuous projection the anterior margin. 
the external facet much larger than the internal, this projection internal the 
median line the head, but placed nearly that the shaft, for the expansion the 


head principally towards the outer side. The shaft the radius very slender and 


transversely oval section, with the inner border somewhat sharper than the outer: 
gradually thickens below the middle its length, well becomes broader. The 
bicipital tuberosity very small and inconspicuous, and placed some distance below the 
head, the internal border. The distal end much thicker and broader than the proximal, 
though less expanded than the modern genera. The anterior face slightly roughened 
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and exhibits the grooves for the extensor tendons even more distinctly than the Camel. 
The distal face exhibits three well-separated facets for the proximal row carpals, which 
are placed somewhat obliquely the transverse axis the radius. The surface for the 
concave front, convex behind, and reflected far upon the posterior side 
the radius, giving the bone greater depth (antero-posteriorly) here than elsewhere. 
The lunar facet separated from the scaphoidal sharp ridge: also concave 
front, convex behind, but not reflected upon the posterior side the radius, except for 
small articular surface which visible the ulnar side the projecting posterior portion 
the facet. The pyramidal surface large, and covers almost the whole 
that bone, the ulnar contact with being very much reduced. The pyramidal surface 
the radius saddle-shaped, concave from side side, and convex from before backwards, 
and, reflected upon the posterior side the radius, passes into the surface for the pisiform, 
which more the radius than the ulna. There is, however, such projection 
this point formed the scaphoidal facet. Large is, the pyramidal facet the 
radius relatively smaller than the modern forms, where covers the entire proximal 
surface the pyramidal when viewed from the front, the ulna being pushed the postero- 
external angle. 

The humeral facets the ulna are peculiar the Tylopoda, and quite different from 
those which occur the ordinary ruminants: the peculiarity already well established 
Poébrotherium. Externally the articular surface confined the superior border the 
sigmoid notch, whereas the inner border continued down the anterior face the 
notch, and passes without interruption into the corresponding facet the radius. The 
olecranon high, but compressed and not massive; continued upward almost the 
same straight line the shaft, and abruptly truncated the end, its superior margin 
sloping downward and forward, and deeply grooved sulcus for the extensor tendons. 
Both the anterior and posterior margins the olecranon are nearly vertical. Camelus 
and Lama the olecranon very different, that projects strongly behind the line 
the shaft; and the superior margin rounded, rugose, and not grooved tendinal 
sulcus. 

The shaft the ulna much reduced, but decidedly less than the modern forms, 
which almost entirely posterior position, and even the distal end concealed 
the expansion the radius. the other hand, the shaft visible from 
the front for its whole length, and when viewed from behind covers half the width the 
radial shaft. The distal portion the ulna enlarged both thickness and depth, 
fitting into deep depression the radius just above its distal expansion. From this 
point the ulna tapers rapidly its distal end, terminating small tip which projects 
somewhat below the level the radius, and showing facets for the pyramidal and pisiform, 
which old animals pass into the corresponding facets the radius without any visible 
line separation. 

The carpus has been figured, and briefly described Cope, who has called attention 
its more important characters, but more detailed account necessary for the purpose 
which have view. whole the carpus broad and low—a change which has 
chiefly affected the distal row, the height the proximal series still considerable. 
The scaphoid narrow, but deep antero-posteriorly; its radial surface forms low broad 
ridge front, and behind deep concavity, terminating elevated hook, which extends 
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well upon the posterior surface the radius, and necessitates the peculiar facet 
that bone which has been described. the inner angle the distal end the radius 
not prominent the Llama, the corresponding part the scaphoid but slightly 
depressed, and its internal surface nearly plane, aside from minute rugosities. Distally, 
the seaphoid shows three facets, for articulation with the trapezium, trapezoid, and magnum 
respectively. The first extremely small, and placed the postero-internal angle 
the bone. The facet for the trapezoid concave, and relatively decidedly smaller than 
the Llama, which fact intelligible when remember that the existing forms the 
trapezoid plays much more important part than does Poébrotherium. The facet for 
the magnum nearly flat, and relatively very large, occupying nearly the entire width 
the anterior part the bone. 

The lunar rather higher and broader than the scaphoid, but somewhat less antero- 
posterior diameter. Its proximal surface convex, and irregularly quadrate shape. 
The internal radial side nearly vertical, and abuts against the scaphoid without the 
distinct excavation which occurs the Llama. There superior facet for the scaphoid, 
but the inferior facet extends almost the upper border. Posteriorly the lunar has 
bifid projection, the longer and stouter arm which curves toward the scaphoid, the 
other toward the pyramidal. The distal beak long; the magnum facet longer and 
more obliquely placed than that for the unciform, the two meeting acute angle. 
the Llama they are about the same size, and meet right angle. 

The pyramidal high, narrow, and deep bone, much less cubical and massive than 
Lama; its proximal surface shaped somewhat like that the scaphoid, but 
narrower, and the facet carried farther down upon the external side allow for the 
downward projection the ulna. decidedly more marked than the Recent species. 
Posteriorly there narrow, oblique surface for the pisiform, and the distal surface 
entirely taken the narrow and somewhat concave facet for the unciform. 

The pisiform short, and differs much shape from that the Llama and Camel. 
The neck small and much contracted, but rapidly expands form the thickened, rugose, 
and somewhat incurved free end. The facet for the pyramidal long but narrow, that 
for the radius and ulna very small. the Llama the pisiform has much greater vertical 
depth and much less constricted neck; the facet for the ulno-radius even larger than 
that for the pyramidal, and the whole bone longer, higher, and more compressed. 

The presence the the carpus Poébrotherium very interesting 
fact, which was first demonstrated Cope. very small bone nodular shape, 
attached the minute facet, and connected also with the trapezoid and the 
rudimentary second metacarpal. Baur has shown that the trapezium probably still occurs 
sometimes the Camelidae. 

The relatively smaller than the Recent genera, and them shows 
tendency coalesce with the magnum. There single, slightly convex surface for 
articulation with the the surface for the magnum not separated into superior 
and inferior facets, the Llama. Distally there are two facets which meet 
very open angle: the larger one the radial side, and for the rudimentary second 
metacarpal; the smaller one for process the third metacarpal. This another 

The magnum broad and low, hardly more than half the height the unciform. 
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The greater part the proximal surface occupied the facet for the scaphoid, which 
flat front, but behind rises upon the convexity which articulates one side with the 
scaphoid and the other with the lunar. This convexity decidedly more prominent 
than the existing genera. The anterior portion the lunar facet slopes downward 
open angle from the scaphoidal, and decidedly smaller. The distal surface for 
metacarpal III nearly flat and triangular shape, with the apex behind. There is, 
course, facet for me. II, which excluded from contact with the magnum the 
connection No. III with the trapezium. The posterior hook the magnum has become 
vestigial. 

The rather high and narrow, and descends considerably below the level 
the magnum. The proximal surface unequally divided between the small oblique 
lunar facet and the large transverse, but sinuously curved pyramidal facet, but the dis- 
proportion not nearly striking the modern genera. the Llama, for example, 
the pyramidal facet many times broader than that for the lunar, the proportion being 
part, the large surface for the fourth metacarpal, but addition there small but 
facet the inner angle for projection me. III, and the external side another 
and still smaller one for the rudimentary fifth digit. Both these facets are, however, 
lateral rather than distal. The posterior process well developed and forms stout 
decurved hook, which relatively longer than the Llama. 

The metacarpus consists two functional digits, the third and fourth, with small 
rudiments the second and fifth, all them separate. very short, 
with somewhat enlarged and thickened head, but tapering rapidly blunt point; 
lies excavation the radial side me. III, and very closely applied but not 
co-ossified with it. The proximal end convex, and shows two very small facets, the 
larger which posterior and articulates with the trapezium, while the anterior one 
articulates with part the trapezoid, but altogether excluded from the magnum. 

Me. III considerably elongated, but has not reached the relative length which 
occurs the modern genera; its length that the humerus 100, while 
the modern types the length about 95, and some individuals even exceeds the length 
the humerus. The shaft very slender throughout, especially the distal third. The 
proximal portion the shaft trihedral section, with flattened ulnar side which 
closely applied IV, while the anterior surface rounded. Near the distal end the 
flattening the ulnar side disappears and the shaft becomes nearly cylindrical. The 
distal ends the median metacarpals show slight tendency diverge, obviously the 
beginning the peculiar structure which characterizes the cannon-bone the Camelidae. 
The proximal articular surface presents large, slightly facet for the magnum, 
and much smaller, though very distinct one, for the trapezoid. The head rises above 
that me. and sends out process which abuts against the unciform, and thus me. III 
articulates wtih three the carpal elements; beneath this process there fossa which 
receives the fourth metacarpal. The distal trochlea very narrow, hardly expanding 
all beyond the shaft, and simply convex from before backwards. The carina entirely 
confined the palmar side, and less prominent even than the existing members 
the family. position, slightly the medial side the middle line. Besides the 
carina the elevation the medial and external borders produces keels which are much 
sharper and more prominent than the Llama. 
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Me. the counterpart me. III, but decidedly more slender and flattened 
its proximal half. Its head decidedly narrower, and its apparent breadth reduced 
the overlapping process from III the unciform. the ulnar side the proximal 
there deep excavation which lies the rudimentary fifth metacarpal. 

Me. very much reduced and flattened scale, even smaller than the rudimentary 
second digit, and attached the side the unciform minute facet. 

The phalanges the manus are very different from those the Recent Tylopoda, 
and would seem indicate that Poébrotherium possessed foot like that the typical 
ruminants; not the broad pad cushion which characterizes the existing forms. The 
phalanges the first row are long and slender, but much shorter, relatively, than 
the Llama; nor are the proximal and distal ends much expanded that animal; 
their shape likewise more asymmetrical, owing the less degree divergence the toes. 
the true ruminants the strong degree convergence produces decided asymmetry 
the phalangeal articular surfaces. Poébrotherium the groove for the carina the meta- 
carpals mere emargination the posterior edge. The phalanges the second row 
are even more unlike those the Recent genera, that they are short and much compressed, 
but considerable antero-posterior diameter, while the Camel and Llama they are broad 
and much depressed and flattened. The ungual phalanges resemble those the antelope 
and deer much more than they those the Recent Tylopoda; they are long, high, and 
pointed, somewhat rounded the outer, but quite flattened the medial surfaces. 
These phalanges are sufficient show that Poébrotherium could not have had anything 
more than incipient pad. 

The pelvis tylopodan, though differing certain respects from this bone 
the modern genera. characteristic the shortness the post-acetabular 
region compared with the pre-acetabular and the subcircular shape the obturator 
foramen. The ilium remarkable for its very long, shallow, and compressed peduncle, 
which the ischial and acetabular borders are nearly parallel, giving this region 
the bone very different appearance from that which occurs the Recent forms; the 
Llama the neck the ilium especially reduced length. The expanded plate the 
broad, everted and with concave gluteal surface. The ischium, far 
preserved, also shallow with nearly parallel borders; does not show the high, thin, 
and arched crest, which prominent the Llama (but not the same degree the 
Camel) above and behind the acetabulum. the Recent species there are above the 
acetabulum several prominent and rugose ridges for the attachment the deep gluteus 
muscle, while Poébrotherium these are very faintly shown. The pubis, its origin 
below the acetabulum, slender and trihedral section; forms somewhat more open 
angle with the axis the ilium than the Camel and Llama. 

The femur characteristically tylopodan appearance. has called 
attention the peculiarities this bone Camelidae, ‘‘in which the superior end 
the femur shaped plan entirely different from other ruminants, presenting great 
resemblance the Imparidigitata (Rhinoceros) the breadth the connecting bridge 
and the shape and position the great Poébrotherium the proximal 
end less expanded laterally than the living cameline genera; the head small 
and projects less obliquely upward than Lama, but set upon somewhat more 
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distinct neck. The pit for the round ligament oval depression placed upon 
the posterior aspect the head, and shorter, shallower, and nearer the border 
the head than the Llama. The bridge connecting the head the great trochanter 
narrower, shorter, and less rugose, and the great trochanter rises higher above it, 
producing decided notch. Though the great trochanter higher than the Recent 
forms, much less massive and thickened antero-posteriorly, and consequence the 
digital fossa much shallower. The second trochanter also less developed, especially 
the vertical direction, than the Llama, though relatively larger than Camelus, and 
forms small conical protuberance. The shaft long, slender, and arched forward, and, 
except for its greater slenderness, very similar the proportions found the Recent 
species. With the length the humerus taken 100, that the femur Poébrotherium 
125, Camelus 127, and Lama 134. The rotular trochlea broad and shallow, 
with sharp external and thickened internal lip, the latter being also somewhat the higher 
the two—a more decided difference than occurs either the modern genera. The 
condyles are smaller, less strongly projecting, and less widely separated than the latter. 
The trochlea rises higher upon the shaft, less strongly arched, and less oblique the 
transverse axis the distal end the bone, than the recent genera. The external 
condyle somewhat larger than the internal, and there such decided notch above the 
latter occurs Lama. Poébrotherium agrees with most the true ruminants, and 
differs from the Camelidae the presence distinct pit for the insertion the plantaris 
muscle above the external condyle. 

clear from the foregoing that the femur Poébrotherium departs but little from 
the cameline type, and that such divergences are observable are the direction the 
more generalized artiodactyls. 

The tibia, like all the other limb bones, long and slender; longer compared 
with the humerus than either the existing genera, its length being 141, com- 
pared with 130 Lama, and 111 Camelus. The facets for the femoral condyles are 
large and nearly flat, and separated prominent bifid spine; the external facet 
considerably larger than the internal, but shows tendency assume the peculiar 
recurvature which occurs the Camel. The cnemial crest very prominent and runs far 
down the shaft; the inner side its proximal end there the usual deep tendinal sulcus. 
The lower half the shaft flattened antero-posteriorly and transversely oval section. 
The distal end somewhat expanded and thickened; the external astragalar facet some- 
what larger than the internal, from which separated tongue, much more prominent 
than the existing types. each these astragalar facets there shallow depression, 
the beginning the interruptions the articular surfaces which are noticeable the 
Camel. The internal malleolus very prominent and anterior position. The fibular 
facet continuous from before backward, and, though emarginated the groove for the 
rudimentary shaft the fibula, this groove not nearly deep the Camel, where 
divides the facet into anterior and posterior portions. 

The fibula quite much reduced the modern representatives the Camelidae. 
The proximal end small spine ankylosed with the tibia, and the distal portion 
nodule which wedged between the tibia and the caleaneum, forming heavy external 
malleolus. projects farther beyond the line the tibia than the Recent genera, 
and deeply grooved its outer side the for the peroneal tendons. The 
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nodule presents articular facets upon three its sides, proximal one for the tibia which 
not interrupted the middle, distal one for the caleaneum, and internal one for 
the astragalus. 

The tarsus essentially like that the Llama, but, correspondence with the 
lighter construction the limbs, higher and narrower. The astragalus has nar- 
rower groove for the tongue the tibia, and, indeed, narrower throughout. The 
external condyle separated quite widely from the distal trochlea, while the internal 
one separated from the navicular facet only small prominence. The surface 
for the cuboid quite narrow, that for the navicular much wider and hour-glass-shaped. 
The calcaneum relatively longer and more slender than the Llama, and especially 
less antero-posterior depth towards its distal portion, nor there any groove above 
the sustentaculum receive process from the tibia. When the caleaneum the 
Llama viewed from behind, there seen projection from the posterior part the 
distal end, which embraces the lower end the astragalus, and between which and the 
sustentaculum there deep notch; nothing the kind observable Poébrotherium, 
and the sustentaculum itself not prominent. The fibular facet the 
longer, lower, and less abruptly truncated front than the Llama, and the cuboidal 
surface likewise narrower. The tuber calcis proportionately thicker, less depth, 
and with the free end less thickened and rugose; its borders are also more nearly parallel. 

The cuboid decidedly higher and narrower than the living genera, and its facets 
differently proportioned; that for the caleaneum being somewhat broader than that for 
the navicular, while the recent forms the reverse the case, though the difference not 
very striking. The calcaneal facet Poébrotherium broad overhanging shelf, strongly 
convex from before backwards; small fossa intervenes between and the astragalar 
surface, where the two are the same level. The astragalar facet narrow and simply 
concave from before backward; the middle its course emarginated both sides 
and greatly narrowed, though not entirely interrupted, the fossa already mentioned, 
the outer side, and another the inner side; anteriorly rises much higher above 
the caleaneal facet than the Llama. The posterior hook the cuboid very stout, 
but not quite long the Recent species, and fits closely against the projection from 
the fourth metatarsal. the internal tibial side the cuboid are two facets for the 
navicular,—the hinder one large projecting ledge, the front one mere smooth surface. 
The distal end the cuboid displays large, somewhat triangular and concave surface 
for the fourth metatarsal, which not emarginated and interrupted the Camel. 
External this minute facet for the rudimentary fifth digit, but this facet entirely 
lateral position, not all distal. 

The navicular entirely free from the cuboid, never showing any tendency coalesce 
with it; comparatively high and narrow, but less antero-posterior depth than 
the recent forms, and devoid posterior hook. The astragalar surface concave 
from before backwards, saddle-shaped from side side, and emarginated the middle 
fossa the fibular side. The posterior facet for the cuboid does not form prominence 
asin the Llama. The distal surface displays two facets, large and nearly plane anterior 
one for the coalesced ecto- and meso-cuneiforms, and behind this small and somewhat 
concave one for the ento-cuneiform. 

Cope has incorrectly stated that the ento-cuneiform was missing, and that the ecto- 
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cuneiform alone supported the third digit. matter fact, the third digit sup- 
ported compound bone, composed the coalesced ecto- and meso-cuneiforms, 
while the ento-cuneiform also present. The latter the smallest the tarsal bones; 
wedged between the navicular and the rudimentary second metatarsal, and 
behind contact with the stout posterior hook metatarsal III, but does not touch 
the latter front. The compound cuneiform relatively higher and narrower than 
the Recent genera; has contact with Except for differences proportion and 
few variations details, the tarsus the Tylopoda had already attained Poébrotherium 
substantially the same condition which still retains. 

The metatarsus, like the metacarpus, consists two functional digits, the third 
and fourth, and two reduced, scale-like rudiments, the second and fifth. Mt. has 
enlarged head with oblique facet, directed downward and backward, which articu- 
lates with the ento-cuneiform; entirely excluded from any contact with the meso- 
cuneiform the extension mt. III over that bone. some specimens mt. free, 
while others firmly co-ossified with mt. III, though its limits are always plainly 
visible; considerably longer than the corresponding metacarpal, but nevertheless 
short, and rapidly tapers point. 

Mt. and are much longer than the metacarpals, while the Recent genera the 
fore and hind cannon-bones are almost the same length. Poébrotherium the length 
the metacarpus 85, that the metatarsus (that the humerus being 100); 
Camelus these proportions become and 97, Lama 101 and 99; that the Oligocene 
genus has nearly attained the modern standard far the length the metatarsus 
concerned. Mt. III considerably stouter than its fellow, which very closely 
applied, and the two were held together the manner which the long hook-like processes 
from the plantar side the proximal ends are wedged between the ento-cuneiform 
the one side and posterior hook the cuboid the other. the tibial side mt. III 
and the fibular side mt. there are near the proximal end small deep fossae for the 
rudimentary metatarsals. Mt. never, any specimen which have seen, ankylosed 
with mt. IV, and its contact with the cuboid very small and almost entirely lateral— 
fact which shall see not without importance. The distal ends the functional 
metatarsals are broader than those the metacarpals, but the carinae are not more promi- 
nent, and are likewise entirely confined the plantar side. 

The phalanges the pes are general like those the manus, but those the proximal 
row appear decidedly shorter the hind foot than the fore foot. Kowalevsky 
has pointed out the same difference Anchitherium and the Horse. 

The metapodials Poébrotherium, even the vestigial ones, are very similar form 
and proportions those Xiphodon, but with the important difference that the 
latter genus the reduction inadaptive one, while the former adaptive. Schlosser, 
following Cope’s description the pes, has regarded inadaptively reduced 
but this incorrect. the manus, me. III contact with the trapezoid and has 
entirely excluded me. from the magnum, though the contact me. III with the 
unciform still considerable. the pes, mt. supported solely the entocunei- 
form, the extension mt. III taking the whole the mesocuneiform, and excluding 
mt. from altogether; the heads Nos. III and are also the same level, and 
mt. III longer connection with the cuboid. This reduction its 
most typical form, and far the Tylopoda are concerned, Kowalevsky’s law holds good. 
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Species: with most White River genera, the species Poébrotherium are state 
confusion, which largely due the inadequacy Leidy’s original material. The 
genus and species were founded upon incomplete skull, which retains most 
both jaws, the middle portion the face, parts the orbits, the auditory bullae and 
some the basis The animal was immature and had the milk-premolars, though 
the true molars were already place. Small size has usually been regarded one the 
principal characteristics this species, but how much allowance should made for 
immaturity remains determined. Another characteristic which has been stressed 
the presence diastemata before and behind Four species have been named 
follows: 


Poébrotherium Leidy: Proc. Acad. Nat. Sci. Philad., Vol. III, 
Poébrotherium labiatum Cope: Amer. Nat., Vol. XV, 271, 1881. 

Poébrotherium eximium Hay: Bull. Geol. Surv. No. 179, 675, 1902. 
Poébrotherium andersoni Amer. Journ. Sci., 4th Ser., Vol. 381, 1917. 


The late Professor Loomis, who had more extensive and better preserved material 
this genus his disposal than any other student the group, was convinced that, 
most, only two species Poébrotherium should recognized, wilsoni and eximium. 
writes!: Amherst parties have collected wilsoni and labiatum from the 
same bed eastern Wyoming, skeleton each and several skulls. differs 
having considerable gap between and while has shorter gap. 
labiatum supposed about 10% larger. However, have found specimens 
labiatum that were actually smaller than and two the interval 
between and the same. There wide variation both the spacing these 
teeth and their size. The result looking over the Amherst material, that the 
American Museum and some from other museums leads the conclusion that the 
difference between these two species not more than sex differentiation. 
andersoni may noted that the dentition taken illustrate the upper teeth 
labiatum has the third incisor enlarged and the canine reduced. have seen speci- 
mens labiatum with the canine larger than the third incisor, equal size and with 
the canine much smaller than the third incisor. eximiwm has almost closed 
dentition and comes from the lowest beds the middle Oligocene and may well regarded 
separate 

While Loomis makes extremely probable that the species Poébrotherium, with 
perhaps the exception eximium, cannot satisfactorily discriminated the basis 
the extremely variable anterior teeth, does not mention the striking differences 
the skeleton and labiatum. the former, figures the magnificent 
Amherst specimen (Text-fig. 131), which notable for its strongly arched back, very 
long hind legs and extremely slender limbs, all which features produce decided re- 
semblance the Miocene Stenomylus. 

The skeleton labiatum mounted the Museum the South Dakota School 
Mines, Rapid City (Text-fig. 132), produces entirely different impression; de- 
cidedly larger, has limbs more equal length and much more sturdy, and less curved 
vertebral column. does not seem possible that these two skeletons should belong 


Loomis, B., Amer. Journ. Sci., 5th Ser., Vol. XVI, 139 1928. 
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Fig. 131.—Poébrotherium wilsoni, skeleton one individual. Coll. Mus. Courtesy Prof. 
Bain. 
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Fig. 132.—Poébrotherium labiatum, skeleton one individual. Mus. State School Mines, Rapid 
City, 
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the same species and therefore retain wilsoni Leidy and labiatum Cope, with 
Troxell synonym the latter. The status Hay must remain 
doubtful, until more extensive material shall have been obtained. 


Poébrotherium wilsoni Leidy 


Poébrotherium wilsoni Leidy: Proc. Acad. Nat. Sci. Phila., Vol. III, 322, 1847. Loomis, 
B., Amer. Journ. Sci. Ser. Vol. XVI, 137, 1928. 


Much the difficulty identifying the species this genus has arisen from the fact 
that Leidy’s type-specimen both genus and species was immature animal, from which 
the anterior part the rostrum, with all the incisors and canines, had been broken away 
and lost. Leidy’s account follows: ‘‘The fossil retains the greater part both 
jaws, the intermediate portion the face, portions the orbits, and part the base 
the cranium, together with the auditory bullae. belonged individual which had 
not yet reached maturity, for though all the permanent true molars had protruded, the 
temporary molars had not been shed.”’ 

Inasmuch the distinction between the two species has been made according size, 
important fix the dimensions the type-specimens, far this practicable. 
Leidy’s measurements are lines and are here recalculated the basis that line 
millimetres; while not precisely accurate, the assumption sufficiently for practical 
purposes. The measurements the milk-teeth are omitted. 

wilsoni the skull and teeth are somewhat smaller and lighter than labiatum, 
but the principal differences are the skeleton and these are very striking. appears 
from the skeletons shown text-figures 131 and 132, each which practically complete, 
except for the caudal vertebrae, and each belongs single individual, the contrast 
attitude between the two species remarkable. The beautifully preserved Amherst 
skeleton, which referred caused great surprise, when Loomis first published 
it, the attitude and proportions were very different from previous restorations, 
especially those labiatum which Messrs. Weber? and had made for me. 
The extraordinary peculiarities wilsoni, exhibited the Amherst skeleton, are: 
(1) The strong curvature the backbone the dorso-lumbar region; this attitude inevi- 
tably suggests post mortem changes, such the familiar displayed 
many Tertiary skeletons. According Loomis, however, the articulations the trunk- 
vertebrae are such that great degree straightening the back possible. (2) The 
uncommon length and slenderness the limbs, proportions which greatly resemble those 
of. the Miocene Camel, Stenomylus. is, course, possible that this 
skeleton has been mistakenly referred wilsoni, suggested the shape the 
skull, but, until much more extensive and complete series specimens shall have been 
obtained, will not possible determine this question. 


J.: Journ. Acad. Nat. Sci. Phila., Ser. Vol. VII, 142. 
Journ. Morphology, Vol. 44. 
B.: History Land Mamm. the West. Hemisph., Ist Ed. Fig. 211, 395. 
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the Princeton Museum are two finely preserved skulls, which lack only the zygomatic 
arches and the angular processes the mandibles. Allowing for the immaturity Leidy’s 
type, these skulls are sufficiently close the latter size make probable their reference 
The skull was described under the heading the genus such detail 
render superfluous any specific description other than give the dimensions. Leidy’s 
measurements his type are added for comparison. 


MEASUREMENTS 
Type P.U. 
No. 12,722 No. 12,955 

Upper dentition, length M3................. 110 
Upper incisor series, length...................... 
Upper canine, ant.-post. 3.5 
Upper cheek-tooth series, length.................. 
Upper premolar series, length.................... 
Lower dentition, length 109 
Lower incisor series, length...................... 
Lower canine, ant.-post. diameter................ 
Lower cheek-tooth series, 81.5 
Lower premolar series, 


Lower molar series, 39.5 
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MEASUREMENTS (Continued) 


ant.-post. diameter............ 
Skull, median basal 
Skull, length oce. cond.-prmx..................... 
Cranium, length, incisor antorb. 
Face, length antorb. bord.-prmx.................. 
Occiput, breadth over paroce. proc................ 
Occiput, height fr. 
Distance antorb. bord. aud. meat............... 
Skull, width postorb. constr................... 
Skull, width over orbits (middle)................. 
Rostrum, width infra orb. 
Rostrum, width over canines..................... 


Rostrum, dorso-ventral depth pl............... 


Mandible, length symphysis................... 
Tympanic bulla, ant.-post. diam.................. 


Tympanic bulla, transverse diam................. 


Horizon: Lower Brulé. 


Type 


59.3 


14.5 
14.5 


No. 12,722 


No. 12,955 


Localities: Widely spread; typical specimens from Big Bad Lands, So. Dak. 


Poébrotherium labiatum Cope 


Poébrotherium labiatum Cope: Amer. Natural., Vol. XV, 271. 
Poébrotherium andersoni Troxell: Amer. Journ. Sci. Ser. Vol. 1917. 
Poébrotherium wilsoni Loomis, part (nec Leidy): Ibid. Ser. 140, 1928. 


Ibid. 544, 1881. 


Cope never defined this species further than say that was larger than 
the formal diagnosis was have appeared Part Vol. III the final reports the 
Hayden Survey, but only Part that volume was published. Loomis regarded the 
difference between the two supposed species sexual, suggesting that labiatum was the 


male wilsoni. far the dentition and skull are concerned, does not seem 


“a 


4 
3 
13.5 
177 
200 185 
101 
103 103 
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feasible find any constant distinctions, but that the two skeletons the Amherst and 
Rapid City museums respectively represent different species would appear hardly 
open question. so, the obvious course follow refer the former wilsoni 
and the latter labiatum. The Rapid City skeleton not only larger than the one 
Amherst, but its proportions are strikingly different and much more like the restoration 
which published That figure erred making the backbone too long and too 
straight; the mounted specimen Rapid City has the back gently curved and very 
different from the extreme curvature wilsoni. The limbs also are very much sturdier 
than the latter, appears from comparison the text-figures 131 and 132. 

andersoni may noted than the dentition taken illustrate the upper 
teeth labiatum has the third incisor enlarged and the canine reduced. This not 
marked the type andersoni but the beginning the same sort thing. 
the original descriptions this species compared mostly with eximium, but 
but cannot see anything justifying separate The anterior teeth this 
genus are extremely variable. 

the Princeton Museum are manus and pes, the same individual (No. 11,377), 
which have referred labiatum because their large size and relative stoutness, 
though, actually, they are very long and slender. Both are remarkably complete and 
free from crushing; the pes the vestigial fifth metatarsal has been lost; otherwise, both 
manus and pes are intact. The animal which these feet pertained was not quite adult 
for some the epiphyses are separated from their shafts. 


MEASUREMENTS 


Carpus, length median line.......... mm. Astragalus, prox. width............... 
Metacarpal II, length................. Tarsus, length med. line............ 
Metacarpal III, prox. width........... Metatarsal II, prox. width............. 1.5 
Metacarpal III, dist. width............ Metatarsal III, length................ 122 
Metacarpal IV, length................ 120 Metatarsal III, prox. width............ 
Metacarpal IV, prox. width............ Metatarsal III, dist. width............ 
Metacarpal IV, dist. width............ 7.5 Metatarsal IV, length................. 124 
length................. Metatarsal IV, prox. width............ 
Metacarpal prox. width............ Metatarsal IV, dist. width............. 
Digit III, phalanx length............ Digit III, phalanx length............ 
Digit phalanx prox. width....... Digit phalanx prox. width....... 
Digit III, phalanx length............ Digit phalanx length............ 
Digit III, phalanx prox. width....... Digit phalanx prox. width....... 
Digit III, ungual, length.............. Digit III, ungual, length.............. 
Digit ungual, prox. width.......... Digit ungual, prox. width.......... 


Horizon: Lower Brulé. 


Localities: Colorado (type); Big Bad Lands, So. Dak. 


Journal Morphology, Vol. 44. 
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Poébrotherium eximium Hay 


Poébrotherium Wortman (nec Leidy): Bull. Amer. Mus. Nat. Hist. Vol. 111, 
1898. 
Poébrotherium eximium Hay: Bull. Geol. Surv. No. 179, 675, 1902 


this form, Loomis says: eximium has almost closed dentition and comes 
from the lowest beds the middle Oligocene and may well regarded 

This species, really distinct, the sort that one would expect find the 
Chadron, for much more nearly approximates Protylopus, the Uinta Eocene, than 
the other species Poébrotherium. size, about equals but the five anterior 
upper teeth are almost equal size and equally spaced apart, without distinct 
diastemata. these characteristics should prove constant, the propriety recog- 
nizing separate species will clear, especially should turn out survivor 
from the Chadron substage. 


Horizon: Base Lower 
Locality: Cheyenne River, Big Bad Lands, So. Dak. 


Superfamily OREODONTOIDEA Gill, 1872 


Agriochoeroidae Hay, 1929. 
Merycoidodontoidea Thorpe, 1937. 


That the two families included this group, the Merycoidodontidae and Agrio- 
choeridae, are nearly related and should classed together, questioned one; 
indeed, they have frequently been merged single family, which various names have 
been given. the other hand, the term which should applied the superfamily 
question beset with difficulty. mandatory rule for the formation superfamily 
names has been formulated any code, but the nearly uniform practice has been 
the dominant, most characteristic family that included, and form the superfamily 
name substituting -oidea for the -idae the family chosen. suggestion, keep 
the family termination, ae, for the super-family, instead ea, has not found acceptance. 

Thorpe has argued strongly for naming the superfamily from the merycoidodonts, for 
they are incomparably the longer-lived, more diversified and, every way, the more 
important element the American mammalian fauna. Yet, his proposed Merycoido- 
dontoidea such cacophony, that its general adoption would unfortunate. am, 
therefore, departing from common usage and retaining Gill’s term, which not only very 
much more euphonious, but also has the advantage bringing back, slightly modified 
form, the term Oreodontidae, which was familiar use throughout the world for seventy 
years, more, and even yet, not entirely obsolete. Gill’s name rejected, then 
Hay’s with the necessary change termination, has the priority and 
should adopted. venture hope that palaeontologists, general, will agree this 
retention Gill’s term. 

The two families included this group were already strong structural contrast 
White River times and equally contrasted the matter diversity. merycoidodonts 
included least six White River genera and the agriochoerids had but single genus, or, 
most, two nearly identical genera. 


Loomis, B., Amer. Journ. Sci., 5th Ser., Vol. XVI, 140. 
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difficult frame definition the superfamily, for the two component families 
had White River times diverged widely from each other structural details; the 
upper Eocene their representatives were much closer together than the White River; 
the principal difference was that the agriochoerids the hoofs had been transformed into 
claws and, correlated with this paradoxical development, there were many parts the 
skeleton that took astonishingly feline character, especially the loins, tail and 
limbs. the typically herbivorous teeth did not forbid any such hypothesis, one would 
tempted think that Agriochoerus had adopted predaceous manner life. The 
habits those animals have long presented unsolved enigma, the solution which 
may never found for lack any mammal now living, which unites such apparently 
incompatible features and could give hint the way which these and other clawed 
lived. 

The most significant feature the superfamily the character the tusks, which 
are the upper canine and the first lower premolar, which caniniform, while the lower 
canine has, all appearances, beeome one the incisors, the true ruminants. The 
only other group which this change function has taken place the American super- 
family the Hypertraguloidea, which is, opinion, related the oreodonts. The 
genus Cebochoerus, the European Eocene, sometimes cited having the caniniform 
premolar, but the arrangement essentially different. The oreodonts and the hyper- 
traguloids are the only known artiodactyls which this transformation the lower premolar 
has occurred. the Hypertragulidae and the Protoceratidae the development the 
tusks very different; the former these teeth are either small, vestigial, absent, while 
the Protoceratidae, they are lacking the female, but large, stout and functional 
the male. There little evidence sexual dimorphism the oreodontoids, but certain 
skulls Merycoidodon, the tusks are notably slender and the antorbital glandular pit 
unusually shallow; these are supposedly females. 

Aside from the curious and characteristic tusks, the dentition decidedly different 
the two families, difference which raises some very obscure questions and upon the 
answers these questions will depend the taxonomic position the Oreodontoidea. The 
problems relationships will taken another section, but may noted here 
that there general agreement the subject and that, from the time Leidy’s early 
discoveries the group, the matter has been under debate. 

the merycoidodonts the White River the number teeth the unreduced 
formula and each jaw the teeth are continuous series, without diastemata, other 
than the spaces required for the occlusion the tusks. The premolars are simple, com- 
pressed and trenchant and none them molariform; the molars are selenodont, with 
four narrow cusps, and resembling those the deer and, even more, those 
the hypertragulids. the upper Eocene representatives the family, the superior 
molars have five cusps, small protoconule the anterior half the crown being the fifth. 

the agriochoerids, the contrary, the upper incisors are vestigial, wanting; 
there are considerable diastemata behind the tusks, above and below, the last premolar 
more less completely molariform and the molars, which are low-crowned and four- 
cusped, have strong resemblance those Bothriodon and the shape 
the crescents and, especially, the character the mesostyle, which broad, convex 
pillar, invaded the transverse valley separate the adjacent horns the external 
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crescents. this molar pattern which led Schlosser and, following him, Matthew, 
the conclusion that this superfamily should classed with the anthracotheres and certain 
groups. 

The skull has much similarity appearance and proportions the two families; the 
the brain-case, the facial region are much alike both. both, there well 
developed sagittal crest, correlation with the small cranial capacity. The shape the 
mandible similar the two and the rami are the symphysis. the other 
hand, there are many differences detail. most the merycoidodonts, the skull 
mesocephalic, and, the White River genera, the orbit closed behind and there 
antorbital glandular pit the lachrymal. The jaws are short, there are edentulous 
spaces. the agriochoerids the skull dolichocephalic, the elongation being chiefly due 
the edentulous gaps; the orbit open behind and the antorbital pit lacking. 

general appearance and proportions, the two families have similar skeleton, 
which except for the longer tails not unlike that peccary; the neck short and thick, 
the trunk long and the tail moderate length the merycoidodonts, very long and heavy 
the agriochoerids. Limbs and feet are comparatively short; the manus some genera 
has pollex which, though useless vestige, yet complete with metacarpal and phalanges 
Merycoidodon; the pes four-toed and there ankylosis the metapodials. 
the details structure the skeleton, there are many differences between the two families, 
even when restricting the comparison the White River genera. Agriochoerus all 
these respects the more specialized and, previously noted, the specializations are re- 
semblances the Carnivora and, particularly, the large cats. The tail relatively 


long and heavy the Leopard; the loins were evidently very powerful and the neck. 


heavily muscled. The limbs are longer and the bones have many features, but 
the feet are generis and unlike those any other known animal, combining, they do, 
artiodactyl podials and metapodials, with large, compressed claws instead hoofs. 
the whole, the skeleton the Oreodontoidea (aside from the peculiar specializations 
the Agriochoeridae) very primitive and its general proportions like that most 
artiodactyls and many contemporaneous perissodactyls, well; ulna and fibula 
are separate and well developed and there was power rotation the 
clavicles have been found association with the skeleton Merycoidodon, but, such 
unconnected remnants are very rarely preserved, their seeming absence other genera 
without significance. 

respect are the two families more strongly contrasted than their geological 
longevity and their diversification. Their earliest recorded appearance was, for both 
groups, the upper Eocene and they both extended throughout the Oligocene and there, 
far the record goes, the agriochoerids ended, while the merycoidodonts persisted 
throughout the Miocene and the lower Pliocene half dozen more divergent genetic 
series, tribes. White River and John Day agriochoerids form but single tribe, perhaps 
even single genus. The merycoidodonts were incomparably the more vigorously de- 
veloping and diversifying group, they were the longer-lived. 

The geographical distribution the oreodontoids significant; representatives 
both families appeared unheralded the Uinta Eocene. all probability, they were 


immigrants from Asia, but, so, they speedily died out there and record them has 
been found. 
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Family Thorpe 


Oreodontidae Leidy: Journal Academy Nat. Sci. Philad., 2nd Ser., Vol. VII, 71, 1869. 
Oreodontinae Scott: Morphol. Jahrb., Bd. XVI, 320, 1890. 

Agriochoeridae Hay (in part): Bull. Geol. Surv., No. 179, 662, 1902. 
Merycoidontidae Thorpe: Amer. Journ. Sci., 5th Ser., Vol. VI, 239, 1923. 


The family names groups included the Oreodontoidea have passed through 
many changes. Leidy his great work 1869, cited above, recognized two families, 
the Oreodontidae and the Agriochoeridae, which made definitions, diagnoses. 
1890, paper entitled: zur Kenntniss der and published 
Gegenbaur’s Morphologisches Jahrbuch, proposed merge the two families into one, 
the Oreodontidae, and divide that into three subfamilies. that time nothing more 
than the skull was known Agriochoerus; the extraordinarily aberrant 
character the skeleton was not discovered till some years later. This arrangement was 
adopted and Hay, who changed the family name Agriochoeridae, 
the ground that the term Oreodon was Merycoidodon. Hatcher’s 
discovery partial skeleton Agriochoerus, which described 1894,? the return 
Leidy’s scheme has been general. 

Thorpe seems have been the first make use the form Merycoidodontidae, 
following Hay’s relegation the term Oreodon synonymy. Dr. has recently 
published admirable and exhaustive monograph this family, which have made 
much use. 

Representatives this family, which began its recorded history the upper Eocene, 
were outstanding and highly characteristic feature North American life during the 
Oligocene, Miocene and early Pliocene epochs, becoming greatly diversified and, the 
Miocene especially, subdividing into five six phyla, tribes. the White River the 
incipient stages several these tribes may discovered, but, that time, they had 
not diverged from one another nearly far they subsequently did; other words, 
they were much more nearly alike than their descendants afterwards became. The 
distribution the family changes markedly the three substages the White River 
formation; they are infrequent the Chadron, while the lower Brulé, they are, indi- 
vidually, far the most abundant fossil mammals; much so, indeed, that this substage 
was first distinguished under the name ‘‘the Oreodon the upper Brulé 
new set genera replace those which had characterized the lower substage and display 
much greater degree divergence from one another. 

Thorpe defines the family follows: Dentition selenodont; dental formula typically 
with incisors reduced some highly specialized forms, caniniform and 
tooth-row closed series; antorbital pit present and orbit closed, except early 
forms; skull vacuities present specialized genera; bullae small very large; skull typically 
mesocephalic, but occasionally dolichocephalic and brachycephalic; feet functionally 


Lydekker, R., Flower and Lydekker’s Introduction the Study Mammals, 293. 

B., Proc. Amer. Philos. Soc., Vol. 243. 

Thorpe, R., The Merycoidodontidae, Mem. Peabody Mus. Nat. Hist., Yale University, Vol. III, 
Part 1937. 
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tetradactyl, with ungues hoofed; body long; tail long short, size small medium, 
never (p. 31). 

this diagnosis may added that the form the ungual phalanges that 
frequently found primitive artiodactyl families, notably the Anthracotheriidae and 
Anoplotheriidae, having bluntly rounded tips, convex dorsal and flattened plantar and 
palmar surfaces. These unguals are very different from the elongate, trihedral and pointed 
phalanges the swine, true ruminants, early camels and Hypertragulidae, well from 
the claws the allied agriochoerid family, and are considered persistently 
primitive feature. 

above noted, the family underwent great diversification the Miocene and several 
series, tribes, may distinguished within the family, though, with all its di- 
versity, that remained very homogeneous group. These tribes are, some instances, 
equivalent subfamilies, which names have not been given, but comparatively 
lately that the work Loomis and Thorpe has made clear the manifold subdivision the 
group Miocene and Pliocene times. order make intelligible the family’s state 
the White River, desirable give very brief account developments the Miocene 
and Pliocene. 

Some the tribes diverged widely from one another, others pursued more less parallel 
courses, making difficult reconstruct certain the genetic series, while still others 
appear plainly distinguishable. One tribe, which underwent comparatively little 
change from the Oligocene the lower Pliocene, the poreodon 
—Ticholeptus—Metoreodon series, may taken the central line the family, which 
exhibited the least modification. second tribe would seem have had common 
ancestor with the first series which may approximately 
Merycochoerus—Pronomotherium, comprised heavy, short-legged animals, with progressively 
shortened faces, culminating grotesque skulls, which resembled those anthropoid apes. 
third series, that Merychyus, which were the antitheses the Merycochoerus tribe 
having short, deep heads, relatively long and very slender limbs and feet, finds possible 
White River ancestor Limnenetes. Finally, the Limnenetes—Leptauchenia—Cyclopidius 
—Pithecistes tribe made extremely modified forms, unlike any the others, yet 
appearing have common origin with Merychyus, were seemingly adapted am- 
phibious mode life, like miniature hippopotamuses. There are other series within the 
family, but these are much less fully known and need not considered here. Thus the 
probably incipient stages four the intra-family tribes may discerned the White 
River fauna and that the reason for this digression matters which, strictly speaking, 
lie outside this monograph. desirable make clear the significance 
the incipient stages within the White River. 

Some six White River genera the family have already been distinguished and the 
lacunae the different series seem indicate that several more remain discovered. 
The problem complicated geographical factors, for certain genera have been found 
Montana which are not known Dakota, Nebraska, Colorado. Cope was surprised 
their almost complete absence the Cypress Hills beds while the 
Big Bad Lands South Dakota and Nebraska, they are comparatively rare the Chadron. 
the richly fossiliferous beds that substage Weld Co., Colorado, representatives 
the family have not been reported. 


Cope, D., Contrib. Canadian Palaeont., Vol. III. 
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was noted above that the family divisible into number phyla, tribes, 
which diverged more less widely from one another the Miocene and Pliocene, but 
with one exception (Leptauchenia) they are nearly alike the White River, that, were 
subsequent developments not known, the differences would seem unimportant. The 
necessities typography require that the various genetic series should dealt with 
single succession, whereas the relationship that number radiating lines. The 
best that can done suggest the radiation treat the tribes separately, returning 
the earliest point for each tribe, taken up. 


CENTRAL 


seems the logical course begin the treatment the genera the family 
with this tribe, from which all the others were probably derived, either directly indirectly, 
and which was the longest-lived them all, ranging from the upper Eocene through the 
lower Pliocene, with comparatively little modification limbs skull. The first the 
White River members this series Oreonetes the Chadron substage. 


Oreonetes Loomis 
(Plate 


Limnenetes Douglass (in part): Trans. Amer. Philos. N.S., Vol. XX, 262, 1901. 
Oreonetes Loomis: Ann. Carnegie Mus., Vol. XV, 370, 1924. 


indebted the courtesy Dr. Avinoff, Director the Carnegie Museum, 
for the opportunity study and figure Loomis’ type-specimen (C.M. No. 1052) which 
curious concatenation not the type Douglass’ Limnenetes anceps, 
but referred specimen that species. Loomis’ genotype (No. 1052) well-preserved 
skull individual past maturity, with worn teeth, and, associated with this, left 
ramus mandibuli, with and place. Another referred specimen (No. 1118), 
figured Loomis, the right half the lower jaw, lacking the ascending ramus, but 
retaining all the teeth. This jaw pertained much younger animal, with teeth but 
little worn. 

Loomis’ definition his new genus is: Oreodont, with low, slightly arched, 
skull; low sagittal and lambdoidal crests, not prolonged behind; with the 
orbit open behind; light zygomatic arches; tiny bullae; and very short paroccipital processes. 
Beside the above characters, which are surely generic, there are certain other features, 
which may have generic value, but until more species are found, this uncertain. These 
features which refer, are the deep, sharply bounded antorbital fossa and the double 
opening the infraorbital foramen over the interval between the third and fourth premolars. 

relation other Oreodonts this genus closest Merycoidodon, than which 
more primitive, and which apparently (Loomis, op. cit., 42.) 

this Thorpe adds: Skull small, low and mesocepalic, with slightly arched superior 
contour; face longer than posterior part skull; brain-case low, narrow, and elongate; 
orbits open; frontals wide and unreduced; zygomatic arches light; bullae very small; 
antorbital fossa large; infraorbital foramen above (Op. cit., 42.) 
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The comparison the skull naturally with that Merycoidodon gracilis, with 
which anceps most nearly agrees size, though somewhat smaller, the length from 
occipital condyle premaxillary being approximately 102 113. 

Oreonetes, noted Loomis’ diagnosis, the orbit incompletely closed; the 
sagittal crest shorter than gracilis and the temporal ridges diverge from more 
gradually; the temporal openings are relatively longer antero-posteriorly and the notch 
the jugal for the reception the zygomatic process the squamosal much shallower. 
The antorbital fossa deeper and more distinctly defined than any other oreodont that 
have ever seen; extends the maxillary and its anterior margin overhanging. The 
forehead narrower and the rostrum more slender. The nasals are decidedly longer and 
narrower and their posterior ends are more abruptly truncated; the nasal processes the 
frontals are more slender. Whether the divided infraorbital foramen constant, material 
insufficient decide. 

The premaxillae have been lost, but the maxillaries show that the end the muzzle 
was narrower than and the hard palate much more concave and vaulted, 
while the posterior nares have more forward position, extending between the molars; 
the palatal notches are much deeper and narrower and the alveolar parapets, carrying m3, 
project freely backward way that does not occur Merycoidodon. 

The tympanic bullae are described Loomis (loc. cit.) but, matter 
fact, they have both been lost from the type-specimen and the convex, inflated-looking 
periotics have been mistaken for the tympanics. Possibly, they were not ossified, but this 
unlikely and much more probable that they were but loosely attached the skull 
and were lost before fossilization. the right side the skull part the bony tubular 
meatus remains place between the postglenoid and posttympanic processes the 
squamosal, but has internal connection, the supposed bulla being altogether separate 
from it. That the bullae, when present, were decidedly smaller than Limnenetes, 
shown the vacant spaces for them. 

The mandible associated with the type but fragment and the referred mandible 
which Loomis figured (op. cit., Pl. LIV, fig. lacks the ascending ramus, but, far 
preserved, very similar that gracilis; the symphysis the same 
tional length and the chin has much the same shape and degree steepness. One difference 
there is; the horizontal ramus shallower and more slender, but this may sex-character, 
for the caniniform premolar narrow suggest female. 

Systematic Position: Loomis and Thorpe agree regarding Oreonetes ancestral 
Merycoidodon and this conclusion seems very probable one; the genus evidently 
less removed from the Uinta Protoreodon than are the other White River genera, Limnenetes 
and Bathygenys perhaps excepted. All these early Chadron genera are remarkable for 
their small size, this respect also agreeing with the Uinta members the family. 
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MEASUREMENTS 
Upper dentition, length C-m3........ mm. Skull, width over zygomata........... mm. 
Upper molar series, length........... Skull, width over brain-case........... 
Upper canine, 4.5 vertical diam.................. 
P2, ant.-post. diameter.............. Measurements Mandible and Lower Teeth 
P2, transverse diameter.............. (from Thorpe) 
P3, ant.-post. diameter.............. Mandible, max. length................ mm. 
P3, transverse diameter.............. Mandible, length symphysis......... 
P4, ant.-post. diameter.............. Mandible, depth m3............... 
P4, transverse diameter.............. Lower cheek-tooth series, length....... 
M1, ant.-post. diameter.............. Lower molar-series, length............ 
M1, transverse diameter............. 9.5 Lower premolar series, length.......... 
M2, ant.-post. diameter.............. ant.-post. diameter............... 4.5 
M2, transverse diameter............. 11.5 P2, ant.-post. diameter............... 
M3, ant.-post. diameter.............. 10.5 P3, ant.-post. diameter............... 6.2 
transverse diameter............. P4, transverse diameter............... 7.2 
109 ant.-post. diameter............... 7.2 
Skull, median basal length........... 101* M2, ant.-post. diameter.............. 
Skull, width M3, ant.-post. diameter............... 12.5 
Skull, height occiput.............. Approximate. 


Horizon: Chadron (Pipestone Beds). 
Locality: Near Three Forks, Mont. 


Merycoidodon Leidy 
(Plates LXIX, LXX, LXXI, 


Merycoidodon Leidy: Proc. Acad. Nat. Sci. Philad., Vol. IV, 47, 1848. 
Oreodon Leidy: Ibid., Vol. 237, 1851. 
Cotylops Leidy: Ibid., 239. 


Thorpe defines this genus follows: Skull mesocephalic (average index 0.57) ranging 
length from 120 mm. 220 mm.; nasal bones long and medium width; premaxillaries 
not muzzle narrow and face approximately equal half skull length; antorbital 
fossa shallow deep; orbits medium size; frontals wide and unreduced; brain case narrow 
and elongate; sagittal crest not particularly high and supraoccipital crest moderately 
produced; arches much lighter when compared with malar part; bullae very 
small medium; mandible posteriorly wide, coronoid low and masseteric fossa descending 
below level alveolar (p. 45). Orbit closed behind. 

Merycoidodon is, perhaps, the most fully known all White River mammals; countless 
skulls have been collected and complete skeletons are displayed half dozen museums. 
Leidy’s figures are probably the most familiar and widely reproduced American fossil 
mammals. Well-known skull and dentition are, the skeleton has not been described 


and figured with corresponding thoroughness. the following pages attempt made 
meet this need. 
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The dental formula is: unreduced number, and all would seem 


have been functionally useful; both jaws the teeth are close-set, without diastemata, 
and the only gap that between the upper canine and the first premolar and this makes 
room for the lower tusk, the caniniform when the jaws are closed. Leidy has described 
the teeth great detail and parts his description may quoted with advantage. 


NS 


Fig. culbertsonii. Skeleton, right Amer. Mus. Nat. Hist. 


Upper Teeth: The incisor teeth Oreodon are six number the upper jaw including 
both sides. They hold about the same relative positions with one another the 
Wolf and they also bear considerable resemblance those the latter animal form. 
They form, together with the canines, nearly unbroken arches. 

superior incisors with their fangs curve forward and downward and their crowns 
are 

crowns the upper incisors are ovoidal, convex externally, concave internally, 
and have acute rounded summit and lateral borders. The latter expand abruptly 
about the middle the crown, forming, the Wolf, short lateral offsets, which become 
continuous with internal basal 

Little need added Leidy’s description; the six incisors the upper jaw form 
very gentle curve; the median incisors the two sides are separated narrow gap; 
those each premaxillary are close together and there very narrow space between the 
lateral incisor and the canine. Compared with the other teeth, the incisors are small. 

The canine must have been very effective weapon and suggests the tusk peccary, 
although much shorter. Leidy says that separated short hiatus from 
the contiguous premolar, sufficient accommodate the point the inferior caniniform 


Leidy, J., Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 84. 
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tooth. curves from the bottom its alveolus, above the position the interval 
between the first pair premolars, forward and downward, with slight inclination out- 
ward. The fang curved trihedral, with rounded borders. The crown protrudes down- 
ward and outward and when the mouth closed.it occupies position front and 
contact with the the lower caniniform premolar, pl. ‘‘The shape the crown 
the upper canine, the unworn slightly worn condition, that sharp-pointed, 
trilateral pyramid, with nearly equal sides and almost straight, with the slightest curva- 
The outer face slightly convex, with feeble wide median groove. The 
inner face also slightly convex, and provided with stout median ridge, narrowing 
away and disappearing toward the point the tooth. The posterior face slightly 
concave, but soon becomes nearly vertical plane from (Op. cit., pp. 81-2.) 
The shape this tusk exceptional and characteristic the superfamily; even the 
unworn state, the posterior face flat and the other sides form continuous curve. 

The four premolars are all rather small and display marked differences size; 
the antero-posterior diameter greatest and the transverse p4. the anterior 
three Leidy says: ‘‘Their crown trilateral pyramid with pointed apex and 
broad external cordiform surface. The narrower internal surfaces appear triangular 
inclined planes, separated median acute ridge, extending from the point the base 
the crown. The anterior the internal surfaces forms the base pair shallow 
pouches, defined double festoon. The posterior the same surfaces forms single 
and large pouch the base the crown, included single and thicker festoon. This 
latter the third premolar almost assumes the dignity additional lobe the crown, 
resembling the internal lobes the true (Op. cit., 81.) consists single 
pair crescents, internal and external, like half-molar, ruminants generally, and 
there such tendency assume the molar pattern manifest Agriochoerus. 
this family, the premolars retain their primitive, compressed-conical form with acute 
point and trenchant edges. essentially the same form recurs the Hypertragulidae 
and the Oligocene Camelidae; the latter family, however the premolars are much more 
extended antero-posteriorly. 

The molars are very brachyodont. They correspond those existing rumi- 
nants. Among the latter they approach most nearly those the Deer from 
which they differ being wider, lower and more nearly square and the inner crescents 
are without accessory spurs. They are composed, ruminants generally, two pairs 
crescents, which differ strongly from those Agriochoerus shape. The resemblance 
these molars those deer not close and depends more upon the general effect 
than upon the details cuspidation, which are more akin those 
the description that genus was quoted Riitimeyer’s opinion (p. 602), which Leptomeryx 
and were grouped together forerunners the and the irregularity 
the selenodont structure upper and lower molars the former genus was emphasized. 
the upper molars Merycoidodon the two inner crescents are not contact with each 
other and their adjacent horns end abruptly the transverse valley. The hinder horn 
the anterior crescent shorter than the foreward horn and its end recurved, but the 
difference not great which the hinder horn greatly abbreviated 
and almost lacking and present, though very short. 

Merycoidodon the external crescents the upper molars have very concave buccal 
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faces, due the prominence the styles; para- and meso-styles are well-developed 
all three molars, but the metastyle present only m3, for these teeth are closely 
crowded, that space remains for the posterior style The median rib 
the face each these crescents low and inconspicuous. The upper molars 
Leptomeryx differ most strikingly from those Merycoidodon the much greater promi- 
nence the external ribs and styles; Hypertragulus the resemblance closer and more 
detailed (see Pl. LIV, Figs. 

Lower Teeth: Leidy says the incisors: the crowns ‘‘are rather trapezoidal their 
outline and they have their external face more flat and their summit much broader than 
the upper ones. The inner face angularly convex the intermediate teeth and forms 
pair inclined, slightly depressed planes, uniting median acute ridge. The lateral 
acute borders form offsets below the middle and unite posteriorly through strong 
basal (Op. cit., 85.) 

The lower incisors are narrower than the upper ones; and are nearly the same 
size, while which has similar shape, considerably larger. The canine has acquired 
the form and function incisor and somewhat larger than which closely 
applied; all those front teeth are implanted the jaw angle about 45°. The 
incisiform lower canine characteristic the Pecora and Tragulina among recent Artio- 
dactyla and, the Oligocene, was common the Oreodontoidea, the Hypertragulidae 
and the Protoceratidae; these groups associated with the caniniform 

The premolars have the remarkable peculiarity that the foremost one, has, all 
purposes, become tusk and resembles the upper canine, but considerably smaller than 
that tooth; its anterior face obliquely truncated abrasion, which keeps sharp- 
pointed. The crown that the contiguous premolar enlarged and simplified 
the suppression the internal (Leidy, op. cit., 84.) This lower tusk 
single-rooted and varies considerably size different individuals the same species, 
correspondence with the diameter the upper canine; the small-tusked individuals 
are presumed females. This extraordinary interchange function, the lower canine 
becoming incisor-like and the first lower premolar caniniform, is, far present 
known, exclusively characteristic the Oreodontoidea, the Hypertragulidae and the 
Protoceratidae. 

The other premolars are close-set degree that differs the various species: 
gracilis overlaps p2, which, turn, overlaps p3, while culbertsonii these teeth 
are separated very short interspaces and there imbrication. these teeth Leidy 
says: ‘‘They are constructed after the same plan, but decrease size and degree develop- 
ment from last first. Their crown broad trapezoidal pyramid, widest behind and 
with acute crescentoid border, rising median point. From the latter oblique 
ridge descends internally and the third premolar terminates large, trilateral 
pointed tubercle, which springs from the middle the base the crown and rises nearly 
high the principal point. the premolars advance the tubercle just mentioned 
nearly obsolete, and the oblique ridge appears expand into the base the crown. 
Back the oblique ridge the crown presents fossa, more less closed internally 
ridge. the third premolar [p4] the fossa quadrangular and widest trans- 
versely; the second more square and the first less well-defined and 
narrow, appears mere concave slope the back portion the crown. advance 
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the oblique ridge mentioned, the inner part the crown forms broad, sloping concavity, 
usually inclosed bottom narrow festooned basal (Op. cit., pp. 82-3.) 
crowns the lower true molars, other ruminants, have two pairs sym- 
metrical lobes, with additional fifth lobe the last tooth. They have near re- 
semblance those the Deer, but are proportionally shorter and wider, with the inter- 
lobular spaces wider and shallower and the surfaces the lobes more slanting. The 
median ridge internally the inner lobes less robust and the outer lobes more tapering.”’ 
(Leidy, 82.) The internal lobes are thin and compressed, though with median thick- 
ening, and are more plate-like than crescentic; Agriochoerus they are more conical. 
Milk Dentition: LXX, Fig. 1.) The only complete example the temporary den- 
tition that have seen contained the beautiful young skull (No. 311) the School 
Mines Museum, Rapid This demonstrates that the formula is, Leidy gave it: 


Upper Teeth: The incisors are more pointed and more imbricated than those the 
second set. The canine decidedly smaller, proportionately, than its successor, but still 
was functionally tusk. Leidy stated, there are but three milk-premolars, which 
though actually very small, are relatively larger than the permanent ones. The foremost 
the temporary premolars, dp2, like the permanent shape; the second one, dp3, 
much larger antero-posteriorly, well more complex. Leidy describes it, the 
crown composed three lobes, ‘‘two behind and transverse, the other front. has 
the appearance the fourth permanent premolar conjoined with anterior premolar. 
The anterior lobe internally connected with the adjacent part the postero-internal 
lobe means festooned fold, enclosing between them (Op. cit., 85.) 
The antero-external cusp large and trenchant, the postero-external one much smaller 
and crescentic, with concave buccal face. like molar, but smaller than ml. 

Lower Teeth. The inferior milk-teeth are extraordinary interest, for they retain 
ancestral conditions which, the permanent dentition, had been lost since the upper 
Eocene, least. The incisors have lateral offsets, like the permanent ones, but the crowns 
are more erect and more imbricated. The canine has its original shape and function and 
not incisor-like; small tusk, occluding front the upper canine, mammals 
generally, but both families the Oreodontoidea, the Hypertragulidae and the 
Protoceratidae, the transformation the lower canine into functional incisor and its 
replacement, functionally, the first premolar the adult dentition had taken place 
before the Uinta stage. There the foremost the temporary premolars, dp2, 
and the next one, dp3, are much like their permanent successors except size. The last 
one, dp4, the universal artiodactyl pattern and consists three pairs crescents. 


\ 


SKULL 


The skull this genus the commonest and most familiar White River fossils 
and, under the name Oreodon, has been very fully described and figured Leidy. 
However, keep this monograph true its purpose, will necessary repeat some 
familiar facts. 

Side View: The various species differ much the development the wing-like processes 
the supraoccipital and parietal; culbertsonii the wings reach their maximum length 
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for this genus, though they are equally prominent Eporeodon major, while gracilis 
they are lacking. whole, the skull most like that such primitive artiodactyls 
Anoplotherium and Heptacodon. cranium elongate, the face shorter; the superior 
contour the skull nearly straight and inclined, rising gently from the anterior tips 
the nasals the occiput; the cranio-facial axis straight, not angulate. The orbit 
closed behind, nearly circular shape and relatively small; its position far forward, 
with anterior border above the middle and rather low the face, considerable 
depth frontal appearing above it, while the suborbital depth jugal and maxillary 
considerable. The antorbital fossa the lachrymal deep and conspicuous. The 
premaxillary projects very little front the canine and nearly the whole side-wall 
the face made the large maxillary. The zygomatic arch strong, especially the 
jugal element; the paroccipital process long conspicuous from the side, and 
the condyle fully exposed. The horizontal ramus the mandible deep beneath 
and shallows rapidly forward, ending steeply inclined chin. The ascending ramus 
broad, owing especially the extension the angle. 

When the jaws are closed, the absence diastemata the dental series, above and 
below, gives the side-view the skull appearance which very characteristic 
the family. 

Top View: The cranium long and narrow and the brain-case small capacity; 
the postorbital constriction very marked, while the orbital roof and the zygomatic arches 
are widely expanded. The rostrum short and widest the postorbital boundary, 
narrowing forward and broadening again slightly the canine alveoli, making the muzzle 
broad and abruptly transverse, though much less than Eporeodon major. The 
temporal openings are short and wide, forming somewhat irregular The root, 
transverse portion, the zygomatic process very broad antero-posteriorly, 
reducing the size the temporal opening, and its hinder margin far front the occiput. 
The sagittal crest long and but moderate height except near the occipital crest, where 
the cranial roof curves downward over the hemispheres. The prominence the exoccipital 
wings differs according species. 

Base View: The hard palate broad, nearly uniform width, and but little concave 
transversely, which marked contrast the vaulted palate Oreonetes. The posterior 
nares are displaced backward, that the front margin line with the hinder side 
m3; the palatal notches are broad and shallow. The tympanic bullae are very small and 
widely separated. 

Bones the Skull: The occipital elements unite early and only very young 
animals that the sutures are distinct. The basioccipital long, the articulation with the 
basisphenoid being line with the postglenoid processes; the small auditory bullae 
do, not encroach upon it, relatively wide and faintly keeled. The exoccipitals are 
very large and make nearly the whole the inion; the condyles are rather small, their 
principal diameter the dorso-ventral one, and they extend above the top the foramen 
magnum, which nearly circular outline; above the foramen the occiput prominent 
and convex, becoming concave dorsally. The depth the concavity varies with the 
development the wing-like extension different species. The occiput broad the 
base, where the exoccipitals are contact with the posttympanic processes the squa- 
mosals. Above this contact, exoccipital and squamosal are separated narrow strip 
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the mastoid. Leidy speaks the mastoid process being ‘‘almost obsolete,” but 
can find indication it; doubt, there much variation this respect. The par- 
occipital processes are long and prominent, though shorter and less curved than Agrio- 
choerus; cross-section the process trihedral, with the thin edge forward. 

The supraoccipital unusually small, for its dorso-ventral height greatly reduced 
the expansion the exoccipitals, and forms hardly any the cranial roof. shape, 
this bone differs much the various species; expands into the wing- 
processes above described, making the inion deeply concave between them, while, 
gracilis, there are such wings and the concavity shallow. 

the parietal, Leidy says: all ruminant and suilline animals, there single 
symmetrical parietal, which, the Camel family, very long compared with its condition 
ordinary ruminants. narrow behind and gradually widens the fore part the 
squamosal, where sends down projection join the (Op. cit., 73.) 
The narrow brain-case roofed exclusively the parietal, the frontals taking part 
it, the postorbital constriction coincides with the coronal suture. The sagittal crest 
low anteriorly, becoming high near the occipital crest, where the cranial roof curves down- 
ward into concavity. When the wing-like occipital projections are present, 
culbertsonii, the parietal takes but limited part their formation. The dorsal border 
the sagittal crest nearly straight and horizontal, decided contrast its arched shape 
Agriochoerus; the temporal ridges are low and indistinct. Anteriorly, the parietal 
shaped manner that varies with the species and also individually; gracilis the 
frontals invade the parietals deeply and hardly will shown 
subsequently, the parietals the juvenile skull present very different picture from that 
seen the adult. 

frontal bones are usually found separated, Recent ruminants. They 
contribute small proportion surface the temporal fossae, just back the orbits. 
They converge regularly from the postorbital arches the anterior angular processes, 
which are long, triangular and pointed and which reach some distance advance the 
lachrymal bones. deep notch between the angular processes receives the posterior 
extremities the nasal (Leidy, op. cit., 78.) The forehead convex 
flat (M. gracilis), difference which occasioned the development 
the frontal sinuses. The orbital roof extends far out each side from the postorbital 
constriction. The nasal process each frontal has longer suture with the lachrymal 
and shorter one with the maxillary. The supraorbital foramina are small and the 
vascular grooves which lead forward from them are very short. 

nasal bones are nearly uniform breadth, except their converging extremities. 
They are usually slightly convex both transversely and the length, but sometimes they 
are nearly flat. different skulls they vary much breadth and degree 
(Leidy, op. cit., pp. 78-9.) They also vary length and are relatively broadest 
culbertsonii; their principal width between the maxillary sutures, from the ends which 
they contract anteriorly and posteriorly blunt points. One the greatest differences 
between juvenile and mature skulls the length the nasals. 

The premaxillaries are very peculiar and contrast strongly with those the suillines, 
for example, for they are very small and project but little advance the canines. The 
horizontal ramus broad and high and comparatively massive, for carries functional, 
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not large, incisors; the dorsal side the horizontal ramus small area, almost like 
articular surface, which presents obliquely upward and widens posteriorly. The two 
premaxillae are contact only the alveolar border, leaving triangular space between 
them. The ascending ramus very slender and, for most its length, concealed within 
the anterior nares the overlapping maxillary; dorsally, small area visible from the 
side, notching the maxillary, but failing reach the nasal. The palatine processes 
the premaxillae are very short antero-posteriorly, but relatively broad, and the spines are 
very slender, separating the incisive foramina, which are rather wide ovals. 

The usual hoofed animals, relatively very large and forms most 
the facial wall; the suborbital portion low and consists only the alveolar parapet, 
which forms the floor the orbit. front the jugal and lachrymal, which exclude 
from the anterior orbital boundary, the maxillary vertically high; its dorsal margin has 
short suture with the frontal and long one with the nasal. large antrum produces 
inflated appearance the jaw some skulls, not others; the masseteric ridge also 
variable, sometimes present, sometimes absent. The large infraorbital foramen single 
and opens above the anterior edge p3. The palatine processes the maxillaries are 
broad, nearly uniform width and but slightly concave, which notable difference 
from Oreonetes. The posterior palatine foramina are unusually far forward and situated 
line with the interval between and 

The palatines end between the two rows molar teeth and form nearly the whole width 
the hard palate. The posterior nares are displaced backward the union the 
palatines the median line, but they not form such tubular prolongation appears 
Elomeryx and the suillines; the lateral palatal notches are broad and shallow. 

Leidy included his genus Oreodon species which the tympanic bulla very small, 
species with large bullae are now removed the genus and the term Mery- 
coidodon (Oreodon) restricted those with small bullae. ‘‘The bulla abuts behind 
against the paramastoid paroccipital) process, externally partially encloses space 
accommodating the styloid process and anteriorly extends between the basioccipital, 
sphenoid and squamosal and the ordinary manner among op. cit., 
75.) 

The squamosal, the camels, forms nearly the whole side wall the cranium, 
narrowing the parietal. articulates with the supra- and exoccipitals and, 
between them, with the mastoid; the glenoid cavity broad and nearly plane transversely, 
but slightly convex antero-posteriorly; its inner portion raised lip and the articular 
surface carried down upon the postglenoid process, which remarkably large and heavy. 
The process has broad, concave root and the upper border the anterior 
branch elevated; this branch curves downward and forward, ending sharp point, 
which received notch the jugal. 

The jugal large and complex-looking bone; posteriorly, has two branches, 
ascending one which forms the long postorbital process, and horizontal one, upon which 
the zygomatic process the squamosal rests and which extends back the glenoid 
between the two branches the deep notch into which the zygomatic process inserted. 
third branch, the anterior, broad and heavy, forms the lower border the orbit and 
rests upon the maxillary, with which has long, irregular suture; dorsally, the anterior 
branch the jugal articulates with the lachrymal. 
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The lachrymal relatively large and has extensive facial area; Leidy says that 
forms two sides irregular cube and the margin union the two sides produced 
into the comparatively large lachrymal tubercle. The facial surface the bone is, for the 
most part, depressed form the deep, hemispherical lachrymal, antorbital fossa, which 
will hold the fingertip. The fossa, which slightly involves the maxillary, varies considerably 
depth and there reason think that the shallower ones are indicative females. 
Other ruminants, notably the deer, have the antorbital fossa, which lodges facial gland, 
but none them the pit such regular, hemispherical shape. 

The mandible, Leidy pointed out, many respects, resembles that the Collared 
The ventral border the jaw nearly straight, becoming concave behind the 
teeth and then convex the base the ascending ramus, made the downward 
projecting angle. The horizontal ramus short and stout, with rather long symphysis 
and rounded chin, which slopes angle ramus grows deeper posteriorly, 
reaching maximum below and the alveolar border curved make the tooth- 
row slightly concave, fitting the gentle convexity the upper series. The ascending 
ramus relatively higher and broader than the Peccary; the angle very broad and 
projects far behind the plane the condyle, does not Tayassu, and has thickened 
and rugose border. The backward projection the angle great Leptomeryz, 
from which differs having the convex border carried almost the condyle, while 
Leptomeryx, separated from the condyle broad concavity. The masseteric 
fossa larger and deeper than the Peccary and descends below the level the teeth. 

condyle almost identical form and relative with that Tayassu 
(Leidy), but the coronoid process different and peculiar; remarkably small, con- 
trasting strongly with the exaggerated size which has and resembles more 
that Hypertragulus. Not only the coronoid very much smaller than the Peccary, 
entirely different shape; recurved, with convex anterior and concave posterior 
border, and the apex bluntly rounded. spite the small coronoid, the sigmoid 
notch deep, owing the elevation the condyle. The mental foramen below 
p3. 

Juvenile Skull: The uniquely perfect young skull, which lacks only the lower part 
the exoccipitals, with the condyles, the Rapid City museum (No. 311), and figured 
Plate LXX; the milk-dentition this specimen which was described preceding 
section. This skull might almost that foetus and, all events, pertained 
extremely young animal, young that the species which should referred ques- 
tionable. The little skull less than three inches long and has the complete temporary 
dentition both jaws, with the first molar, above and below, just erupting. From the 
mature skull differs several most interesting respects; some these differences are 
such are displayed the skulls very young hoofed mammals generally, but others 
are ancestral characters, which have disappeared the mature animal. 

Side View: whole, the skull much shorter and relatively higher vertically than 
the adult: the cranium even longer and the face shorter; the orbit larger and much 
farther forward, its anterior margin being over the third cheek-tooth, whereas the 
adult above the sixth. The orbit already closed behind but the postorbital processes 
frontal and jugal have not yet coalesced; the antorbital fossa hardly more than indi- 
cated and very small and shallow depression the middle the lachrymal. The 
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ascending ramus the premaxillary exposed narrow slip bone enclosing the 
anterior nares and reaching the nasal; the zygomatic arch more slender and pursues 
more horizontal course. The lower jaw relatively shorter and has more steeply rising 
symphysis, and the angle less extended behind the condyle. 

Top View: The brevity the rostrum and elongation the cranium are even more 
conspicuous than the side-view. always true very young mammals, the brain- 
case very much more capacious and its posterior segment, behind the postglenoid 
processes, relatively shorter and the roots the zygomatic processes extend nearly 
the crest. There hardly any postorbital constriction and trace sagittal 
crest, the relatively very extensive roof and walls the brain-case affording ample surface 
for the attachment the temporal muscles without need interesting feature 
the separation the parietals and the presence large interparietal, element which 
remains separate even the adult Limnenetes, and one species but not 
any other known member the family. One the most striking differences between 
this young skull and the adult the form the nasals, which the latter are long 
and narrow and the former short and broad. 


VERTEBRAE, RIBS AND STERNUM 


The formula (except for the caudals) the same Leptomeryx: C7, D14, L6, 
the number trunk-vertebrae very exceptional among artiodactyls and has, 
far, been reported only the Oreodontoidea, the Hypertragulidae and the Protoceratidae, 
and may one the many indications affinity between those two groups. More 
probably, however, persistently primitive feature retained from the Eocene, when, 
presumably, all artiodactyls, like most perissodactyls the middle and lower Eocene, 
possessed larger number body and tail-vertebrae than their descendants from the 
Oligocene onward. Unfortunately, the only artiodactyl skeletons which have been obtained 
from the Uinta Eocene are referable the oreodontoids. For the present, therefore, the 
question remains open. 

The atlas more suilline than ruminant character, being short antero-posteriorly, 
with widely extended transverse processes; the neural arch flattened and has vestigial 
spine; the inferior arch deeply emarginated between the rather shallow anterior cotyles 
and has distinet hypapophysis. The neural arch pierced foramina for both branches 
the first cervical nerve and the vertebrarterial canal traverses the transverse process. 
The atlas Tayassu and Tragulus quite similar that Merycoidodon, or, other 
words, all these genera have primitive type atlas. 

The interest; the centrum short and broad, keeled ventrally, 
the keel ending behind tubercle, and with the posterior face concave. The odontoid 
process short and very broad, the dorsal surface flat slightly concave and the ventral 
side strongly the anterior end rounded. This form the odontoid transitional 
between the peg-like and the spout-like shape and might called the White River type 
for progressive ungulates. Its interest lies the fact that has several times been inde- 
pendently acquired; the White River horses (Mesohippus), camels (Poébrotherium), and 
oreodonts (Merycoidodon) all have the odontoid this character and cannot have been 
due common inheritance. The surfaces for the atlas are broad and very low, hardly 
rising above the floor the neural canal; the two articular surfaces are separate from each 
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other and from that the ventral side the odontoid. The transverse processes are 
short and slender; the pedicles the neural arch are not perforated for the second pair 
spinal nerves. The neural spine very large and hatchet-shaped; much the Peccary. 

The remaining cervicals, are most like those the ordinary ruminants and very 
different from those the Camelidae. The centra are rather short and opisthocoelous 
and, except the sixth and seventh, have strong ventral keels, ending behind tubercles. 
All the transverse processes, except those the seventh vertebra, are pierced the canals 
for the vertebral arteries; the inferior lamella small the third, fourth and fifth, very 
large the sixth. The neural spines grow longer successive vertebrae; the third has 
low ridge, the fourth and fifth have short, laterally compressed spines, while that the 
sixth much longer and thicker, and that the seventh almost long and stout 
the spine the first dorsal. 

The dorsal vertebrae, number, have considerable resemblance those the 
smaller deer and, together with the lumbars, have very gentle curvature. The centra 
are small and nearly uniform length, but enlarge slightly posteriorly, the hindmost ones 
becoming much like the lumbars. The pedicles the neural arches have 
foramina for the spinal nerves, which evidently passed through the spaces made the 
overhanging zygapophyses. The first half-dozen spines are quite elongate, compressed, 
slender and expanded the tips; posteriorly, the spines grow shorter, but without sudden 
decrease length; doubt, there was ridge the withers, but shoulder hump. 
The backward inclination the spines moderate and decreases the 11th dorsal, 
which the anticlinal vertebra, and behind that point, they incline forward. With 
decreasing length, the spines become antero-posteriorly broader, thinner and more lumbar- 
like. The transverse processes are relatively elongate the foreward part the thorax 
and bear large concave facets for the tubercles the ribs; posteriorly, they grow successively 
shorter and the tubercular facets are lacking the 10th; the last dorsals 
have very short transverse processes. The zygapophyses change their shape and position 
with the posterior pair the 10th dorsal, which they have become the semicylindrical, 
interlocking type which characteristic artiodactyls generally. Metapophyses are 
present the last three dorsals. 

The lumbar vertebrae are relatively large and heavy and have slightly opisthocoelous 
centra, which posteriorly become low and depressed; the neural spines are rather short, 
but expanded antero-posteriorly, compressed laterally and thin; they have moderate 
forward inclination. The transverse processes are developed about the Peccary, 
broad and moderate length. The metapophyses are very prominent and 
except the last vertebra, the sixth, but anapophyses are nowhere visible. the fore 
and hind limbs are approximately equal length, the lumbar region has such curvature 
which the hinder extremity has such elongation. 

The sacrum consists four vertebrae younger animals, five older ones. Only 
the first sacral supports the ilia large and heavy pleurapophyses, followed series 
narrower vertebrae, which diminish size posteriorly. 

The caudal vertebrae, 23+ number, indicate long, stout tail, which is, however, 
notably shorter and lighter than that Agriochoerus. The anterior caudals are relatively 
short and broad, with well-developed processes; these are followed long series with 
elongate centra and processes reduced nodules, which are mere slender rods, with slightly 
broader ends. 
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The ribs are primitive type and hence resemble those Hyraz, Tragulus, more 
than those Recent Pecora, suillines. The first four pairs ribs are flattened and 
broader than those which follow, but not nearly broad existing artiodactyls, the 
Tragulina excepted. The succeeding ten pairs are long, slender and rod-like and oval 
cross-section; the tubercles are lacking behind the 10th pair. 

The sternum more Leptomeryx than the deer and very different from the 
breast-bone the Suina. The manubrium long, narrow and rounded, not compressed 
and keeled, swine. The first segment the mesosternum shorter and broader 
than the manubrium but otherwise like it, while the second mesosternal segment shorter, 
broader and more flattened, are the succeeding segments, which are not emarginated 
the sides, they are ruminants; the xiphisternum long, narrow and flat. 


PECTORAL GIRDLE AND LIMB 


The Scapula has the shape usual the ruminants, being long, narrow and tri- 
angular; the glenoid cavity shallow and almost circular and the coracoid small, even 
less than Tragulus. The neck long, slender and rounded; above the coracoid 
border nearly straight and curves gradually into the suprascapular border; the glenoid 
border also straight and forms right angle with the suprascapular edge. The spine 
rises suddenly and ends below high but not very prominent acromion, much 
Tragulus. The spine divides the shoulder-blade into pre-spinous and post-spinous fossae 
almost equal breadth; this primitive feature, such occurs the bothriodonts, 
while nearly all modern artiodactyls the spine nearer the glenoid border and the pre- 
spinous fossa much narrower. 

very interesting feature the American Museum skeleton the 
presence vestigial clavicles, slender, cylindrical rods that articulate with neither scapula 
nor sternum and closely resembles the vestiges found the lower Miocene genus, Mesoreodon, 
the same family. the White River animal, the bone somewhat larger and less 
reduced than the Miocene species. 

The limbs are rather short and effectively equal length, making the line the back 
approximately straight; has frequently been observed, the proportions Merycoidodon 
neck, body, limbs and feet, are much like those displayed the modern peccaries. 
Not that this similarity indicative any near relationship, but both these families, 
far the White River merycoidodonts are concerned, have retained the proportions 
common most Eocene ungulates, whether artiodactyl perissodactyl. difference 
that has great effect appearance, but great importance, the short 
tail the 

The humerus distinguished many peculiarities from that any existing artio- 
dactyl. This bone, compared with that the recent ruminants, short and stout 
and the nearly straight shaft displays well-developed ridges for the attachment muscles. 
The head large, but rather flattened, and projects prominently backward; the external 
tuberosity massive and rises well above the level the head, its proximal border 
simply curved and sends such process over the bicipital groove, occurs most 
modern artiodactyls. The internal tuberosity small and hook-shaped and the bicipital 
groove broad and deep; the deltoid crest and supinator ridge are well-developed. The 
peculiar distal end thus described Cope: condylar extremity more transversely 
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extended than any recent Artiodactyle, owing the fact that the posterior interior 
distal tuberosity placed interior the trochlea instead partially behind it, and that 
there is, addition, internal epicondyle not seen the recent suilline ruminant 

The trochlea divided into three almost equal surfaces which the median one 
strongly convex and very different from the narrow ridge whch occurs the ruminants; 
the pigs also this projection much narrower than Merycoidodon. The internal 
margin the trochlea continued obliquely and distally. This humerus has much 
similarity that Anoplotherium, the French Eocene. 

The bones the fore-arm are separate. The proximal end the radius covers the 
whole breadth the humeral trochlea and divided into three corresponding surfaces, 
which the median one deeply concave, the internal one concave, but less deeply, and 
the external one oblique and nearly flat. The shaft slender, oval cross-section and 
almost uniform diameter down the distal enlargement. The distal end relatively 
very heavy and covered the facets for the and lunar, which are distinctly 
demarcated, though not actually separated. 

The ulna stout and unreduced, with heavy, trihedral shaft; and relatively short 
olecranon, which projects backward but little; the concave surface for the humerus 
nearly parallel, not oblique the long axis the shaft, and distal are two facets for 
the head the radius and the distal end deep concavity which receives the expanded 
end the radius; the facet for the pyramidal simply convex and, the palmar side, 
there small surface for the pisiform. 


The carpus Merycoidodon unreduced and, most respects, very primitive, but 
displays some specialization well. The relatively heavy and nearly cubical 
shape, though the dorso-palmar diameter somewhat greater than the others; the articular 
surface for the radius proximal and not reflected over upon the dorsal side; the palmar 
side flat and lacks the compressed process which seen and Bothriodon. 
The distal end divided into three facets unequal size, the largest which for the 
magnum, while that for the trapezium minute; the trapezoid and magnum surfaces are 
obscurely demarcated. The lunar very peculiar; the radial facet strongly convex 
palmo-dorsally, but lacks almost entirely the palmar concavity which appears Bothriodon; 
the palmo-dorsal diameter small, the proximo-distal one considerable. The distal end 
differs from the usual artiodactyl form that the wedge made the junction the 
facets for the magnum and the unciform, not the middle line, but the radial side. 
Seen from the front, the lunar appears hardly rest upon the magnum and have only 
lateral contact with it. the palmar side, however, the magnum curves beneath 
For the most part, the distal end covered the large surface for the unciform. 

agreement with the unreduced ulna, the pyramidal relatively large and, like the 
low and broad; the facet for the ulna simply concave and palmo-dorsally 
narrow; very different from the complex surface which occurs most artiodactyls. 
The facet for the pisiform considerable concavity, separated from the ulnar surface 
sharp edge; the distal side the semicircular concavity for the unciform. The pisiform 
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very different from the short and heavy bone which found recent swine and rumi- 
nants, being strikingly slender and elongate. Since the facets for ulna and pyramidal are 
separated, the proximal end rounded head and the distal free end 
but little expanded. 

The trapezium very small, although supports complete, vestigial pollex. The 
much larger, especially the dorso-palmar direction; supports the second 
metacarpal and contact with none the others, and wedged in, speak, between 
trapezium and magnum. The dorsal face the magnum low proximo-distally, broad 
transversely, but rises the palmar side into the characteristic rounded head, which fits 
into the The proximal side the magnum almost completely 
covered the surface for the scaphoid, while that for the lunar very oblique. the 
distal end large, saddle-shaped surface for metacarpal III and, the radial side, 
minute one for me. II. The long, hook-shaped process which, most ungulates, arises 
from the palmar face the magnum is, Merycoidodon, the very much 
reduced. The is, usual, the largest the carpal elements and makes more 
than half the width the carpus. Instead articulating with the magnum, does 
most ungulates, the unciform and magnum are quite widely separated the wedge- 
shaped lunar. The proximal side the unciform covered the facets for lunar and 
pyramidal, which are almost equal width the dorsal side, but that for the lunar 
narrows toward the palmar side. the radial side small facet for the third metacarpal, 
which makes sharp angle with that for the lunar. The distal side covered the 
surfaces for metacarpals and that for me. small, saddle-shaped and external 
much distal. The palmar hook small and, therefore, very different from the massive 
process the bothriodonts. 

The Metacarpus consists five members, vestigial pollex and four short functional 
digits, which are arranged paraxonic symmetry and thus are very different from the manus 
Hypertragulus and much less primitive. The first metacarpal, that the pollex, very 
much shorter than any the others and slender rod; the proximal end has facet for 
the trapezium and the distal end rounded and keeled the palmar side for the first 
phalanx. Metacarpal all artiodactyls with unreduced manus, has the ulnar 
side small projection which articulates with the magnum and thereby cuts off me. III 
from any contact with the trapezoid. The proximal end me. covered entirely 
the trapezoid, the magnum contact lateral; the ulnar side, below the facet for the 
magnum, into which convexity the side me. III fits. Metacarpals 
and form symmetrical pair, with shafts equal breadth and much stouter than 
those the laterals, me. and me. III has strong process, which overlaps the head 
me. and articulates with the unciform. Metacarpal little shorter and more 
slender than me. II, yet forms pair with it. All the functional metacarpals have very 
low distal trochleae, which are intermediate between the hemispherical shape the car- 
nivores and the semicylindrical one most ungulates; the keels are entirely palmar 
position. 

The phalanges the first row are relatively long and resemble those some Carnivores 
being slender and arched toward the dorsal side; the proximal end deeply concave and 
the palmar border notched for the metacarpal carina. Phalanges the second row are 
also rather elongate and have the distal trochlea extended far upon the dorsal side and 
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slightly asymmetrical and obliquely placed, consequence which the unguals display 
certain degree convergence, though much less than deer antelopes. The ungual 
phalanges Merycoidodon are unlike those any existing artiodactyls; they are almost 
symmetrical, the mesial border being but slightly shorter and straighter than the lateral 
one. The palmar side flat, the dorsal surface convex and the distal end bluntly 
rounded, very much the bothriodont anthracotheres. 


GIRDLE AND LIMB 


The pelvis unlike that any Recent artiodactyl and, first sight, suggests the 
pelvis wolf. Ilium and ischium are the same straight line and about equal length. 
The ilium has long, narrow and compressed portion, which, anteriorly, expands abruptly 
into broad plate, not unlike that several carnivores, but relatively broader and the 
gluteal surface shallower. The plate lies nearly the same plane the neck and 
hardly all everted, while existing artiodactyls the anterior end the ilium strongly 
curved outward. The anterior border rounded, but forms angle with the acetabular 
border, such does not occur the Carnivora. The deep fossa above the acetabulum, 
which present most modern ruminants, lacking Merycoidodon. The ischium 
long and very flat and the tuberosities are not prominent existing artiodactyls. 
The pubis short and stout and the pubic symphysis short, though that the ischia 
elongate. The obturator foramen very long and narrow oval; among existing artio- 
dactyls, the pelvis Tayassu has the greatest similarity with that Merycoidodon. 

The femur also has the greatest likeness that the Peccary; the hemispherical 
head distinctly set off constricted neck; the great trochanter massive, but does 
not rise above the head, and the digital fossa very deep. The second trochanter 
large and pointed and much more prominent than the bothriodonts, suillines. 
The femoral shaft relatively short, stout and almost round cross-section; the distal 
end quite massive; the rotular trochlea broad and symmetrical, the inner margin but 
little higher than the outer, condition which rare among modern artiodactyls. The 
suprapatellar fossa, which deep Sus, lacking. 

The patella broad and flat, with rounded proximal border and pointed distal end. 

The tibia very short proportionally, even shorter than the femur and, like that 
bone, resembles most the corresponding element the Peccary, but straighter and 
much shorter relatively. The low spine bifid and the slightly convex condyles are 
approximately equal size. The cnemial crest very prominent and extends far down the 
shaft; the proximal end the crest massive and rugose and the sulcus for the extensor 
digitorum tendon deep. The shaft stout and has the usual artiodactyl form, trihedral 
proximally, antero-posteriorly compressed distally. The internal malleolus long and 
pointed, the ruminants, distinguished from the suillines. The external groove for 
the astragalus broader, the internal one deeper and the intercondylar ridge and tongue 
are more prominent than the swine. 

The complete and uninterrupted and shows tendency ankylosis with 
the tibia; the shaft somewhat irregularly rounded and the distal end heavy malleolus, 
which has purely external position and has not extended beneath the tibia. 
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PEs 


The hind foot more reduced than the fore foot and while the latter becomes adap- 
tively reduced some the Miocene genera, the pes always, with one exception, in- 
adaptive this family. 

The astragalus short proximo-distally and broad and made asymmetrical the 
larger size the external condyle, the internal one extends farther distally and separated 
from the navicular surface small prominence, while modern ruminants those two 
articular surfaces, proximal and distal, are widely separated. The distal trochlea 
unequally divided into broad surface for the navicular and narrower one for the cuboid 
proportion like that Bothriodon. calcaneum also much the genus last 
named; long, stout and laterally compressed, with rounded borders; the proximal end 
thickened and club-like and, the plantar side, deep sulcus for the Achilles tendon; 
the fibular facet elongate and gently arched. The distal end not broadened much 
existing ruminants and, consequently, the dorsal and plantar borders the tuber 
calcis are more nearly parallel. The sustentaculum unusually small. 

The cuboid has broader surface for the caleaneum than for the astragalus, which 
would seem primitive feature; the bone broad, short and planto-dorsally thick, 
and the plantar hook-like process short and massive. The calcaneal facet gently 
convex planto-dorsally and projects over the fibular side. the tibial side the cuboid 
are two projecting facets, which are wedged between the navicular and ectocunciform; 
the plantar side the cuboid considerably broader than the dorsal, reversing the pro- 
portions Sus. The distal end is, for the most part, covered the large facet for the 
fourth metatarsal; that for the fifth very narrow. 

The navicular broad and proximo-distally short; the plantar hook very long and 
extends down over the entocunciform, Sus; the distal side are three facets for the 
cuneiforms, two which, the external and median, are fused together. The 
narrow and thin, but relatively high proximo-distally, overlapping the head the 
second metatarsal and, turn, overlapped the plantar the navicular; its con- 
nections are exactly the pigs, but its shape more rectangular. Though the ecto- 
and meso-cuneiforms are ankylosed, almost all Recent artiodactyls, the limits the 
two elements are distinct, for the distal end the meso-cuneiform slightly higher 
level. The compound cuneiform low and broad and its dorsal face has much the size 
and shape the navicular; carries the second and third metatarsals. 

The metatarsus has four members, trace the hallux remaining, which are 
symmetry, and are all short and sturdy; the laterals, mt. and are relatively 
longer and heavier than Sus and have much the same proportions the pes 
Bothriodon; actual length, they are IV, III, though the difference between the 
two bones pair slight. Metatarsal has slender, laterally compressed shaft and 
flat proximal end with facets for all three cuneiforms, the principal one which for 
the median element. Metatarsal much longer than mt. and very much stouter, 
especially breadth, and little shorter than mt. IV; does not touch the median 
cuneiform, but the internal one articulates with the stout plantar projection from the head 
this metatarsal, which some specimens abuts dorsally against the cuboid. The 
metatarsal like mt. III, but slightly longer; the stout plantar projection like 
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that mt. III and articulates the fibular side with the plantar hook the cuboid. 
The fifth metatarsal like the second, but little longer. The distal trochleae the 
metatarsals are somewhat lower and less hemispherical than are those the metacarpals. 

The phalanges the pes are not sufficiently different from those the manus 
call for separate description. 

Species: usual the White River ungulates, the problem species very difficult 
one. The genus particularly characteristic the lower Brulé, which was, therefore, 
originally ‘‘the Oreodon Beds’’; rare the Chadron and has never been found 
the upper Brulé. Thorpe recognizes six species: affinis (Leidy) 1869, culbertsonii 
Leidy, 1848, culbertsonii periculorum (Cope) 1884, gracilis (Leidy) 1851, macro- 
rhinus (Douglass), 1901 (1903) and platycephalus Thorpe, 1921. This seems im- 
probably large number species have coexisted the same time and place, but there 
some indication geographical well stratigraphic differences. has 
been found only Montana and platycephalus only Scott’s Bluff, Neb., while 
periculorum confined principally Colorado; culbertsonii especially characteristic 
South Dakota and Nebraska. 

and Loomis (1930) made quantitative study series skulls representing 
the four species, affinis, culbertsonii, gracilis and periculorum. Their results showed 
that gracilis and periculorum each formed very uniform assemblage, while each 
the other two species varied materially. apparent sex-differentiation size was 
noted. The skull variation and culbertsonii concerns not only the length, 
but also the width and thus narrow, medium and wide skulls are (Thorpe, 
op. cit., 46.) 

these variable species Bump and Loomis say: ‘‘Some the individuals appear 
dwarfed, others normal and few over large; and some the other herbivora this 
same time show wide variations, such Mesohippus and 


Merycoidodon affinis (Leidy) 


Oreodon affinis Leidy: Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 96, 1869. 
Merycoidodon affinis Thorpe: Mem. Peabody Mus. Nat. Hist., Vol. III, Part. 46, 1937. 


Characters: The skull about intermediate size between gracilis and 
culbertsonii but proportionally more and has short muzzle. The 
malar medium depth below the orbit, while the squamosal part the zygomatic 
arch light and rises very gently posteriorly. The wide nasal bones are posteriorly 
obtuse and nearly flat both diameters. The pars facialis the lacrimal bone large 
and subtriangular, with the long diameter directed antero-superiorly, and bears deep 
but small fossa. The frontals are flat, except for the usual supraorbital convexities, and 
extend about mm. advance the lacrimal bones. The orbits are small. 
The temporal ridges unite near the postorbital constriction form low and somewhat 
rugose sagittal crest, approximately third the skull length. The supra-occipital crest 
but slightly produced and the wings are wide-spread. The low brain case moderately 
well rounded, with the normal convexities. The large external auditory meatus some- 


Thorpe, R., The Merycoidodontidae, Mem. Peabody Mus. Nat. Hist., Vol. III, pt. 46. 
Bump, B., and Loomis, B., Amer. Journ. Sci., 5th Ser., Vol. XX, 17. 
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what upwardly, well outwardly, directed. The gently vaulted palate medium 
width and the palato-narial border lies just posterior line through the after part 
the last molars. The basicranial axis steep. The glenoid articular surface typical 
the genus. The postglenoid process transversely wide and moderately thin antero- 
posteriorly. The bullae are tiny and the paroccipital processes are L-shaped cross- 
section. Index 0.57. 

Mandible: The symphysio-dental angle 43°, with the chin profile nearly straight. 
There small mental tubercle. The inferior border the horizontal ramus straight. 
The bone increases depth aft. 

The infraorbitals lie above P3. The supraorbital foramina are m.m. 
apart. The foramen ovale medium-sized, while the foramen rotundum small. The 
posterior palatine foramina are opposite P4. 

Dentition: There pit the anteroexternal corner P4. The 
crest does not divide the anterior face equally, that the anteroexternal basin 
the larger, though both basins are tiny. more nearly normal. The superior molar- 
premolar index 0.84 and that the inferior series (Thorpe, op. cit., 47.) 


Horizon: Chadron and Lower Brulé. 
Localities: Niobrara River, near Scott’s Bluff, and Sioux Co., Neb. 


Merycoidodon culbertsonii Leidy 


Merycoidodon Leidy: Proc. Acad. Nat. Sci. Philad., Vol. IV, 47, 1848. 

Oreodon priscus Leidy: Ibid., Vol. 237, 1851. 

Oreodon robustus Leidy: Ibid., 276. 

Cotylops speciosa Leidy: Ibid., 239. 

Oreodon Leidy: Owen’s Rept Geol. Surv. Wis., Ia. and Minn. 
part Neb. Ty., 548, 1852. 

Oreodon culbertsoni Leidy: Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 86, 1869. 

Merycoidodon Hay: Bull. Geol. Surv., No. 179, 666, 1902. 


This species is, far, the most abundant lower Brulé mammals and all parts 
its skeleton are very completely known; the description the skeletal characteristics 
the genus, whole, taken chiefly from the abundant material this species. 
gracilis equally well known and, except for the smaller size, the differences are confined 
the skull; vertebrae, limbs and feet are practically identical all the species, far 
these are known. the largest the species and, though subject much 
variation this respect, size one the most obvious means identifying it. 

Thorpe enumerates the specific characters follows: skull varies size from 
about 180 mm. 200 mm. length, and mesocephalic, although close the border 
between dolichocephaly and mesocephaly. The maximum expansion the zygomata 
just advance the glenoid surface. The malar the deepest part the zygoma, but 
the entire arch light and narrow and rises markedly posteriorly. The nasals are 
posteriorly acute, moderately broad, antero-posteriorly straight, and transversely gently 
convex. The orbits are nearly circular, medium size, and vertically situated above 
the center the skull, and they look mainly sidewise but also slightly upward and forward 
well.” (Thorpe, op. cit., pp. 47-48.) The auditory meatus directed almost straight 
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outward and the bulla very small. mandibular symphysis sometimes ankylosed 
and very sloping, the symphysio-dental angle being 35°. 

The teeth differ but little the various species and such differences there are, 
affect chiefly the premolars; the crown divided into two internal basins and 
these the anterior one again divided into two parts enamel crest, has similar 
basins, but the anterior one not subdivided, and the basins are hardly discernible. 
the lower jaw and have each two internal basins. 

addition its larger size, the most characteristic feature this species the 
great development the occipital wings, which are much more prominent than any 
other species Merycoidodon, but Eporeodon major, they are almost long. Measure- 
ments are given 671 together with those gracilis. 


Horizon: Lower Brulé; the species has also been reported from the Chadron the 
Cypress Hills Saskatchewan, but the evidence insufficient. 

Localities: Type-specimens from Big Bad Lands, So. Dak., referred specimens from 
No. Dak., Neb., Wyo. and Col. 


Merycoidodon culbertsonii periculorum (Cope) 
Oreodon culbertsoni periculorum Cope: Proc. Amer. Philos. Vol. XI, 511, 1884. 


Bump and Loomis pointed out (see 668) this subspecies remarkably constant 
size, intermediate between and gracilis and agrees very closely 
with the former dentition and skull, except that the occipital wings are not quite 
prolonged. occurs mostly Colorado, though found elsewhere, but this, course, 
may accidental. says it: ‘‘This subspecies probably should regarded 
geographic variant mutant confined mainly Colorado, though few specimens 
have been collected Wyoming and (Op. cit., 56.) 


Horizon: Lower Brulé. 
Locality: Typical, Horsetail C’k, Logan Co., Col. 


Merycoidodon gracilis (Leidy) 


Oreodon gracile Leidy: Acad. Nat. Sci. Philad., Vol. 239, 1851. 
Oreodon gracilis Leidy: Journ. Acad. Nat. Sci., 2nd Ser., Vol. VII, 94. 
Merycoidodon gracilis Hay: Bull. Geol. Surv., No. 179, 666, 1902. 


This the smallest species the genus and seemingly distinct, yet transitions 
culbertsonii are not wanting. After size, the most characteristic feature gracilis 
the form the occiput, which the wing-like projections are extremely short, that 
the appearance the skull side-view very different. 

Thorpe’s diagnosis, somewhat abbreviated, follows: ‘‘The skull small, about 
two-thirds the size that The maximum expansion the zygomata 
about the middle the zygomatic foramina. The malar medium depth, and 
posteriorly the arch rises gradually. The nasals are posteriorly rounded, about uniform 
breadth and very slightly convex both diameters, and extend forward almost far 
the incisive border. The large lacrimal bone triangular outline, and the lacrimal 
fossa well marked but not deep. The frontal bones are wide and convex above the orbits 
and extend about mm. forward the lacrimal bones. The orbits are comparatively 
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small. The low sagittal crest about third the total skull length, while the 
supraoccipital crest less produced than other species the genus, and the small wings 
are wide apart. The paroccipital process long, triangular section, and rather 
deeply excavated the anteroexternal face, and extends downward and slightly outward. 
The bullae are proportionally the largest any species this genus. 

Dentition: The tooth-patterns are like those The superior molar- 
premolar index averages about 0.80 and that the inferior series The anterior 
premolars, especially those the lower jaw, may somewhat crowded even overlap. 

Skeleton: The bones are general like those the genotype except for their smaller 
size. The first mounted skeleton this the National Museum. 
690 mm. length and stands 320 mm. high the shoulder. The Yale specimen 
784 mm. long, with extreme height 348 (Thorpe, op. cit., pp. 


MEASUREMENTS 


No. 13,626 No. 13,688 No. No. No. 1287 
Upper dentition, length 121 109 110 
Upper incisor series, width............... 15.5 14.5 
Upper canine, ant.-post. diameter......... 9.5 
Upper canine, transverse diameter......... 
Pi, transverse diameter.................. 
P2, transverse diameter.................. 
P3, transverse diameter.................. 6.5 
P4, transverse diameter.................. 14.5 
M1, transverse diameter................. 10.5 
M2, transverse diameter................. 
transverse diameter................. 12.5 18.5 
Lower dentition, length 119 112 
Lower incisor series, width............... 
Lower canine, ant.-post. diameter......... 
Lower canine, transverse diameter......... 
Lower cheek-tooth series, length.......... 105 
Lower premolar series, length............. 
PI, transverse diameter.................. 
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MEASUREMENTS (Continued) 


No. 13,626 No. 13,688 No. 11,441| No. 12,764| No. 1287 


mm. mm. mm. mm. 
P2, transverse diameter.................. 
P4, transverse diameter.................. 
Lower molar series, length................ 
transverse diameter................. 7.5 
transverse diameter................. 
transverse diameter................. 
Skull, length oce. wing prmx............ 123.5 118 235 213 208 
Skull, length oce. cond. prmx........... 216 194 188 
Skull, length for. mag. prmx........... 118 114 218 184 
Skull, length cranium fr. wing orb. 141 129 125 
Skull, length face, orb. prmx......... 102 
Skull, width postorb. 29.6 22.5 
Skull, width over zygom. arches.......... 110 119 113 
Mandible, length symphysis............ 47.5 
Mandible, height coronoid............. 57.5 105 


Mandible, width coronoid.............. 


The most important respects which gracilis differs from culbertsonii are 
follows. 

(1) The very much smaller size. The other differences all occur the skull. 

(2) The much shorter and inconspicuous occipital wings. 

(3) The shallow antorbital fossa. 

(4) The articulations the premaxillaries with nasals. 

(5) The more closely set premolars, often with overlapping the anterior ones. 

the subjoined table, the skeletal measurements culbertsonii are taken from 
remarkably perfect mount the American Museum (No. 1287). this specimen, 
mounted, the skull and mandible, all the cervical and dorsal vertebrae, and caudals 
are supplied from No. 594, the two individuals being almost exactly the same size. 
P.U. No. 12,565 the mounted skeleton somewhat smaller animal the Princeton 
Museum. 
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MEASUREMENTS (Continued) 


P.U. A.M.N.H. 


No. 11,398 No. 13,626 No. 12,565 No. 1287 

mm. 
Atlas width over trans. proc................. 65(a) 
Third cervical, width over trans. 
Sixth cervical, width over trans. proc........ 
Sixth cervical, height spine fr. neur canal... 
First dorsal, length centrum.............. 
First dorsal, width over trans. proc........... 
First dorsal, height spine................. 36(a) 
First dorsal, width spine tip............ 
Third dorsal, length centrum............. 
Third dorsal, height spine................ 
Third dorsal, width spine tip........... 11.5 
Twelfth dorsal, length centrum........... 
Twelfth dorsal, height spine.............. 
Twelfth dorsal, breadth spine............. 11.5 
Twelfth dorsal, breadth spine tip....... 
Fourth lumbar, length centrum........... 18.5 
Fourth lumbar, width post. face.......... 
Fourth lumbar, width over trans. proc........ 
Fourth lumbar, height spine.............. 
Fourth lumbar, width spine tip......... 
Sixth lumbar, length centrum............. 
Sixth lumbar, width anter. face........... 12.5 
Sixth lumbar, height 
Sixth lumbar, width spine................ 
Sacrum, anter. width between ilia........... 
Ist caudal, max. width............ 
3rd caudal, length and width................ 20-22 
Humerus, length from head................. 128 138 
Humerus, proximal width.................. 
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MEASUREMENTS (Continued) 


P.U. P.U. 
No. 11,398 No. 13,626 No. 12,565 No. 1287 
mm. mm. 
(No. 11,442) 

Carpus, prox.-dist. length.................. 
Me. III, proximal width.................... 

Digit II, phalanx length................. 
Digit II, phalanx length................. 
Digit III, phalanx length................. 
Digit III, phalanx length................. 
Digit III, ungual, length................... 


(No. 13,626) 


Pubic symphysis, length ................... 
Femur, length from head................... 105 est. 163 162 
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MEASUREMENTS (Continued) 


No. 11,398 No. 13,626 No. 12,565 No. 1287 
mm. mm. mm. 
Digit II, phalanx prox. width............. 
Digit III, phalanx length................. (IV) 
Digit III, phalanx prox. width............ 
Digit III, phalanx length................. 


Digit ungual, length................... 


The skull measurements No. 12,565 are given below: 


MEASUREMENTS 
Upper dentition, length il-m3.......... mm. Rostrum, width mm. 
Upper cheek-tooth series, Rostrum, width .................. 
Skull, length oce. cond. prmx........ 168 Mandible, breadth asc. 
Skull, width over zyg. arches........... Mandible, height condyle............ 


Horizon: Both species. and gracilis would seem confined 
the Lower Brulé (Oreodon Beds) very rarely the Chadron, the reported occurrence 
the former the Swift Current area Saskatchewan doubtful. 

Localities: The types both species are from the Big Bad Lands and Nebraska, 
but. they also Colorado (Cedar Creek and Chalk 


There remain two species, macrorhinus (Douglass) and platycephalus Thorpe, 
each them represented single individual. Thorpe remarks: Any species based 
upon single specimen bound have more less equivocal status until confirmed 
new have not seen either these skulls and, therefore, reproduce Thorpe’s 
account somewhat shortened form. 
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Merycoidodon macrorhinus (Douglass) 


Oreodon robustum Douglass (preoccupied): Trans. Amer. Philos. Soc., 2nd Ser., Vol. XX, 
1901. 

Oreodon macrorhinus Douglass: Ann. Carnegie Mus., Vol. II, 163, 1903. 

Merycoidodon macrorhinus Thorpe: Mem. Peabody Mus. Nat. Hist., Yale Univ., Vol. 
Pt. 58, 1937. 


Characters: The skull about the size that culbertsonii, but the 
bones are much heavier, and the face third higher above The malar heavy but 
not deep beneath the orbit, while the origin the zygoma above P4. The nasal bones 
are posteriorly acute, are very broad, nearly flat antero-posteriorly, and gently concave 
transversely. The pars facialis the lacrimal bone large, and the antorbital fossa 
deep and not confined the lacrimal but invades the maxillary. The wide frontals 
are unreduced and moderately flat and extend wedge advance the lacrimal bones. 
The orbits appear have been small and subround. The palate wide and gently 
vaulted, with the open palatonarial border nearly line through the posterior 
lobes the last molars. The postglenoid process very robust and anteroposteriorly 
thick. The bullae are small and are widely separated from the basioccipital. The 
premaxillaries appear have begun 

small and narrow. The anterior three premolars have large posterior basins 
and well-developed posterior crescents, with reduction the anterior crescent. The 
anterior and posterior crests are strong, and the median crest very weak 
(Thorpe, op. cit., 58.) 

Horizon: Lower Brulé. 

Locality: near Missouri River, Helena, Mont. 

Montana mammals the White River are generally different from those South 
Dakota and Nebraska, suggest slight difference time. 


Merycoidodon platycephalus Thorpe 
Merycoidodon platycephalus Thorpe: Amer. Journ. Sci., 5th Ser., Vol. II, 339, 1921. 


“The very low, wide skull mesocephalic and somewhat smaller than culbertsonii 
periculorum. The maximum expansion the zygomata just advance the glenoid 
surface. The malar portion deep, while the lighter squamosal part rises gently aft. 
The nasal bones are posteriorly obtuse, uniform width and gently convex both diam- 
eters, with the anterior end lying above the incisors. The lacrimal bone has large oval- 
shaped pars facialis, bearing small, moderately shallow depression. The wide frontals 
are markedly decurved above the orbits, while the central portion nearly flat. They 
extend but slightly forward the lacrimal bone. The shape the orbits unlike that 
any other species, being oval, with the long axis directed forward and upward 
angle approximately 35° from the plane the palate. There has been crushing 
distortion the orbital margins. These orbits are actually smaller than those 
gracilis, although the skull considerably larger. The temporal ridges unite about mm. 
aft the postorbital constriction and are rugose throughout, are likewise the postorbital 
processes the frontals. The very low sagittal crest rugose and somewhat less than 
third the skull length. The supraoccipital crest has less than the normal amount 
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overhang, and the wings are widespread. The very small bullae are joined 
ridge the paroccipital processes, which are L-shaped. The small external auditory 
meatus very markedly directed upward, more than the other species this genus. 
The U-shaped palatonarial border about mm. aft line across the posterior [lobes] 
the last molars, while the palate narrow and very slightly 

The foramen ovale large and the rotundum unusually so. the upper molars 
the postero-internal crescents are smaller than the antero-internal ones, especially m3; 
the difference greater than any other species Merycoidodon. 


Horizon: Lower Brulé. 
Locality: near Scott’s Bluff, Neb. 


Eporeodon Marsh 
(Plate 


Oreodon Leidy, part: Smithson, Contrib. Knowl., Vol. VI, Art. VII, 55, 1853. 
Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, pp. 92, 100, 106, 1869. 

Eucrotaphus Leidy (nom. nud.): Proc. Acad. Nat. Sci. Philad., for 90, 1850. 

Eporeodon Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 249, 1875. 

Merycoidodon Hay, part: Bull. Geol. Surv., No. 179, 665, 1902. 


Under this name are grouped very large number species from the upper White 
River and John Day formations; Thorpe accepts species and subspecies from the 
two formations; the White River beds the genus made its first known appearance 
the lower Brulé, which but single species has been found. the upper Brulé, however, 
Merycoidodon disappears altogether and replaced Eporeodon. the lower Brulé, 
where was represented rather small species, these are comparatively rare, very much 
less common than those Merycoidodon. Structurally, Eporeodon closely similar 
the latter, from which the principal difference the enlargement the auditory bullae. 

Characters: Average skull size larger than that Merycoidodon 
(170 255 mm.); typical skull mesocephalic, but some cases dolichocephalic 
and brachycephalic; nasal bones unreduced; premaxillaries not transversely 
wide distally and changing the long diameter anteroposterior upward just before reaching 
the nasal bones; muzzle moderately narrow; face, including orbits, more than half skull 
length; orbits medium large and closed; antorbital fossa present with but one exception, 
confined lacrimal bone, and normally deep; frontals wide and unreduced; brain case 
elongate and moderately narrow; supraoccipitals [sic] well produced, and occiput medium 
wanting. Ascending ramus mandible large and coronoid process low, horizontal ramus 
deepening much posteriorly. 

the larger species the upper Brulé, such major, there definite foreshadow- 
ing the genus Promerycochoerus, which characteristic the John Day formation, 
the enlargement and increased massiveness the zygomatic process the squamosal 
and the form the mandibular angle. Promerycochoerus there are two types 
skull, one short and broad, typified chelydra (Cope) and the other relatively much 


R., Mem. Peabody Mus. Nat. Hist., Vol. III, Pt. pp. 59-60. 
Thorpe, R., Mem. Peabody Mus. Yale Univ., Vol. III, Pt. pp. 62-97. 
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narrower and more elongate, with very long face and straight, level upper profile. This 
form exemplified the species macrostegus (Cope). the upper Brulé both forms 
skull occur, less marked degree, but not yet clear whether these differences are 
individual specific. 

Brachyodont. Superior incisors small, premolars sometimes crowded, 
but usually not, and molars increasing gradually length. the upper premolars the 
posterior crescents are large and the anterior crescents reduced. Normally anterior 
intermediate crest present the anterior three premolars only and have 
either very poorly developed crescents none all, but have strong anterior, posterior, 
and median crests, and the posterior basin divided low ridge, extending backward 
and downward from the median crest. The posterior basin entirely enclosed 
the posterior and median crests and the posterior (Thorpe, 63.) 

The skeleton, which very completely known, almost identical with that Mery- 
coidodon; the most significant difference being that the vestigial pollex the latter has been 
lost. most abundant and varied the John Day, where many species have 
been named. the White River has not been found the Chadron, rare the lower 
Brulé and replaces Merycoidodon the upper. 


Eporeodon bullatus (Leidy) 
Oreodon bullatus Leidy: Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 92, 1869. 
Merycoidodon bullatus Hay: Bull. Geol. Survey, No. 179, 665, 1902. 
Eporeodon bullatus Thorpe: Mem. Peabody Mus., Yale Univ., Vol. III, pt. 65, 1937. 


This species the lower Brulé representative the genus; has also been reported 
from the John Day, but not from the upper Brulé. size and character the skull 
very similar that Merycoidodon culbertsonii, except for the relatively very large and 
inflated tympanic bullae. Osborn and Wortman say this species: ‘‘The auditory 
bullae are extended backward and are largely contact with the paroccipitals, which are, 
however, not flattened from before backward any appreciable extent. The posterior 
fossa the base the paroccipital but faintly represented, the anterior being large 
and distinct. 

foramen rotundum represented two very minute vestigial foramina the 
sides the between the sphenoidal fissure and the ovale.’ 
more than probable that these will found wanting many specimens the species. 
our specimen they certainly could not have been functional, and ‘there can little 
doubt that the superior maxillary nerve made its exit through the sphenoidal 

The dimensions given the table below are from 


MEASUREMENTS 

Skull, basal length.................. 201 Aud. bulla, transv. diam.............. 

Skull, width over zyg. arches......... 101 Upper cheek-tooth series, length....... 

Skull, width postorb. constr........ Upper premolar-series, length.......... 

Skull, width mid. orbits......... Upper molar-series, length............ 

Skull, ant.-post. diam. orbit........ 27.4 Upper canine, ant.-post. diam.......... 9.3 
Skull, vertical diam. orbit......... 31.7 Upper canine, transv. diam............ 


Osborn, F., and Wortman, L., Bull. Amer. Mus. Nat. Hist., Vol. 
Thorpe, Op. cit., 281. 
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Horizon: Lower Brulé. 
Locality: Big Bad Lands, So. Dak. 


Eporeodon major (Leidy) 
Oreodon major Leidy: Smithsonian Contrib. Knowl. Vol. VI, Art. VII, 55, 1853. 


Leidy’s type specimen this species was left upper maxillary, with teeth, but 
subsequently received exceptionally fine and undistorted skull, unfortunately without 
the lower jaw, which described and figured and which may regarded the co-type. 
writes: 

skull about fifth larger than that culbertsoni, about twice the size 
gracilis. general form, proportions and details structure approaches closely 
that the latter species. 

cranium more constricted immediately advance and the course the 
border the squamosals than sometimes observed culbertsoni. The sagittal crest 
not only stronger relation with the size the skull, but also higher, especially its 
fore part, than the other species. bifurcates front, and includes triangular notch 
for the reception the summit the 

“The forehead transversely convex, and not depressed along the middle except 
the summit the frontals, which are co-ossified their posterior third. 

orbits are small, being absolutely larger than Culbertsoni. They are 
vertically slightly oval. The lachrymal fossae advance are relatively shallower than 
the latter species, and not extend the anterior border the lachrymal bones. 

face has the proportions the more robust varieties Culbertsoni. The 
upper part transversely convex. The nasal bones are broad, and their posterior ex- 
tremities together form acuminate triangle. 

most striking anatomical peculiarity the skull major the com- 
paratively enormous size the auditory bulla. Culbertsoni this not only very 
small size compared with its condition ruminants generally, but absolutely smaller 
even than the smaller species, gracilis. observed the inferior view the skull, 

appears crescentoid convex prominence, curving from within the position 
the post-glenoid tubercle the root the paramastoid process. ridge-like prolongation, 
forming the posterior horn the crescent, abuts upon the latter (Op. cit., 
pp. 99-100.) 

major the auditory bulla exceeds size that the Hog. oval, 
with the long diameter antero-posterior, and slightly compressed the sides. 
abuts against the root the paramastoid process, and anteriorly against the ali-sphenoid. 
Internally its base rests against the edge the basi-occipital, the foramen lacerum occupying 
the interval between and the basi- and ali-sphenoid. 

Oreodon major the basi-occipital much more strongly keeled relatively than 
the other species, and appears narrower from the encroachment upon laterally the 
auditory bullae. The basi-sphenoid more convex (Op. cit., pp. 

Dr. Leidy figures (Op. cit., Pl. VIII) but does not describe peculiar broadening 
the posterior end the parietal between the squamosal and exoccipital. Merycoidodon 


Leidy, J., Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 99, Plates VII, VIII. 
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culbertsonii this present, but decidedly smaller, and gracilis more than 
indicated. 

the Museum Princeton University are three skulls Eporeodon from the upper 
Brulé, one which much smaller than the others and presumably referable 
socialis. The others may tentatively referred major, though they differ notably 
both from Leidy’s specimens and from each other and they may possibly fall within the 
limits Promerycochoerus, which, say the least, they bear very suggestive resem- 
blance. unfortunate that Leidy’s material contained lower jaw, for that 
characteristic part the skulls question. noted above, the two skulls differ 
decidedly from each other, especially size and proportions, appears from the table 
measurements, but whether these differences are individual, sexual, racial, specific, 
cannot positively determined, until much larger suite skulls shall have been obtained 
from the higher levels the upper Brulé. One the skulls (No. 13,594) somewhat 
shorter and relatively broader than the other (No. 14,061) and has even shallower and 
less distinct antorbital fossa: the zygomatic arches are broader and more massive; the 
horizontal ramus shorter and the chin steeper. 

Both skulls agree with Leidy’s fine specimen size, the large size the auditory 
bullae, the small, vertically oval orbits, the long and high sagittal crest and they differ 
from the greater development the zygomatic arches and the Merycochoerus-like 
muzzle, which broad and abruptly truncated. The premaxillae are broadened and 
shortened, that the upper incisors are almost quite concealed, when the skull viewed 
from the side and these teeth, six all, are implanted straight, transverse row. 
Leidy’s specimen the premaxillae project front the canines. 

Comparison the mandible cannot made, but its highly characteristic form should 
emphasized. The jaw remarkable for the great development the ascending ramus, 
both height and the breadth the angle. The posterior border continuous 
convex curve from the condyle into the ventral border the horizontal ramus, whereas 
Merycoidodon the border concave from some distance below the condyle and forms 
angle the junction with the convex portion (Compare Fig. Pl. LXIX and Fig. 
Pl. LXXII). The horizontal ramus very deep posteriorly and shallows forward rapidly; 
the skull placed with the lower jaw resting horizontal plane, then the upper profile 
slopes downward steeply from the crest the inion the end the muzzle and, conversely, 
the upper skull-contour held horizontally, the jaw slopes upward from angle sym- 
physis, exaggerating the condition seen Merycoidodon. The symphysis long and the 
chin slopes upward somewhat more steeply than culbertsonii and broadened between 
the tusks. The lower incisors are almost completely concealed behind the upper canine. 

Altogether, these skulls have such likeness that Promerycochoerus, strongly 
suggest that the species nearly, not quite, the direct ancestor that John Day 
genus and that the series Oreonetes—Merycoidodon—E poreodon—Promerycochoerus, very 
nearly represents the actual steps development. 
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MEASUREMENTS 
mm. 

Length, summit inion end nasals............... 256 236 233.3 
Length, cond. incis. alveoli................... 240 229 225 
Height inion fr. vent. bord. for. mag............... 72a 
Length cranium, inion postorb. margin............ 142 131 129 
Cranium, width ant. squamos. 58.3 
Cranium, width over zygom. 165 171 140 135.5 
Cranium, width anter. orb. margins................. 
Cranium, width ends nas. pr. frontals........... 29.2 
Rostrum, width over canine 
Rostrum, width infraorb. foram..................... 43.7 
Face, length postorb. margin incis. alveol............. 135 132 125 
Mandible, breadth asc. ram. angle............. 
Upper cheek-teeth series, 102 100 
Upper canine, ant.-post. 10.5 
Lower premolar series, length (pI 


White River merycoidodont has been named Leidy, which Thorpe treats 
subspecies Eporeodon major. For the most part, this was founded upon such inade- 
quate materials, that little can said it. 
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Eporeodon major hybridus (Leidy) 


Oreodon hybridus Leidy: Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 105, 1869. 
Eporeodon major hybridus Thorpe: Mem. Peabody Mus., Yale Univ., Vol. III, Pt. 
77, 1937. 


Leidy’s type the middle segment skull, which lacks the cranium and the pre- 
molars and Thorpe refers this subspecies skull (Y.P.M. No. 12,609) from Colorado, 
describing follows: about the length that socialis, that is, some- 
what shorter than major but wider than either across the arches. The maximum 
zygomatic expansion line with the posterior part the zygomatic foramen. The 
malar robust and the parts the arch which are preserved correspond with the condition 
major. The wide nasals are posteriorly truncated, while the latter species these 
bones are posteriorly pointed. The wide unreduced frontals rise gently toward the rear 
greater degree than the latter. The decurvature above the large orbits less 

premolars the plesiotype are typical Eporeodon. The superior molar- 
premolar index 0.88, almost exactly that major, though the length the dental 
series about ten per cent 


MEASUREMENTS (Thorpe) 


Skull, width over zyg. arches......... 158 apprx. Upper molar series, length........... 46.5 


Horizon: Probably lower upper 
Locality: Type, White River, D.; referred specimen (Y.P.M. No. 12,609), Colorado. 


Eporeodon major cedrensis Matthew 


Eporeodon major cedrensis Matthew: Mem. Amer. Mus. Nat. Hist., Vol. Pt. 396, 
1901. 


This subspecies was established upon immature individual, which retained some 


the milk-teeth and smaller than typical members major and approximates 


Merycoidodon culbertsonii size. The forehead more convex than the former and 
there antorbital fossa, but this may due immaturity. Matthew said this 
skull: variety shows less tendency toward the long and flat-topped Promerycochoerus 
type skull and more toward the Merychyus and Merycochoerus type, short and round- 
topped. similar varietal differentiation observable the more Promerycochoerus-like 
occidentalis, but the John Day species the long, flat-topped type skull runs 
excess, while Colorado have short, round-topped one (Op. cit., 
397.) 

the teeth, Matthew wrote: vertical length, proportion premolars molars, 
individual form premolars, especially their external crescents and the presence 
small postero-external lobe differ from Oreodon and agree with Eporeodon 
(Loc. cit.) 
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The skeleton smaller and more slender than major and the neck shorter 
than the manus has but four digits, having lost the pollex; the scapula 
like that the lower Miocene Mesoreodon, but has smaller metacromion. 


MEASUREMENTS (Thorpe) 


Skull, width over zygo. arches........ 102 Aud. bulla. ant.-post. diam............ 

Skull, width postorb. constr........ Aud. bulla. transv. diam.............. 


Horizon: Upper Brulé. 
Locality: Castle Rock, Logan Co., Col. 


Eporeodon socialis Marsh 


Eporeodon socialis Marsh: Dinocerata, Monogr. Geol. Surv., Figs. 72, 162-163, 
1884. 
Eporeodon socialis Thorpe: Bull. Peabody Mus., Yale Univ., No. 1931. 


The status this species somewhat peculiar. Professor Marsh figured the skull, 
manus and pes, but gave verbal description, which was not made until. 1931, when 
Dr. Thorpe published very full account paper devoted the species. selected 
co-types two nearly complete skeletons (Y.P.M. Nos. 13,118 and 13,119) making this 
very much the best known species the genus. abstract Thorpe’s description will 
useful here. 

Specific Characters: size, socialis even smaller than bullatus, much smaller 
than major, but somewhat larger than Merycoidodon The skull 
and has nearly straight dorsal contour, except for slight convexity above 
and behind the orbits. The zygomatic arches are moderately heavy and their course 
nearly parallel the sagittal plane the skull, notable difference from major; the 
lachrymal more extended dorso-ventrally the face and less antero-posteriorly than 
Merycoidodon. The frontals are deeply excavated for the nasals and have very long nasal 
processes, whieh nearly quite reach the premaxillaries. The latter are very different 
from those major; the horizontal rami project much more front the canines and 
the anterior border, with the incisors, gently curved instead being nearly straight and 
truncated. The ascending ramus, which, major, has but very small lateral exposure 
upon the face and, side-view, all but hidden the sheath the upper tusk, has 
extensive exposure the face, broadening dorsally long suture with the nasal. 
Thorpe’s figure (Op. cit., Fig. 47, 87) the maxillary is, the right side, excluded from 
contact with the nasal the meeting premaxillary and frontal, while, the left side, 
narrow tongue the maxillary articulates with the nasal. This striking difference 
between the two species and another the relative size the orbit, which decidedly 
smaller major. 

all differences between the two species, however, the most conspicuous the 
shape the mandible, which, socialis, very much like that Merycoidodon culbert- 
but major has the peculiarities described above, the very broad ascending ramus 
and horizontal ramus which very deep behind and narrows forward rapidly the long, 
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semi-procumbent symphysis and abruptly transverse incisive border. the shape 
the mandible, more than anything else, which gives such Merycochoerus-like expression 

The skeleton socialis has been very fully described and illustrated 
and the only species Eporeodon which the skeleton well-known, but there 
reason think that there were skeletal differences any importance between the various 
species. 

The skeleton like that Merycoidodon, differing only size and pro- 
portions, but there one less dorsal. The vertebral formula C7, D13, L6, Cd.20+; 
the cervicals are nearly square and have slightly opisthocoelous centra; the spines increase 
size from the 3rd the 7th, though that the 7th but little longer and stouter 
than the 6th. The spine the last cervical erect, the others inclines forward. 
The dorsals have relatively elongate centra and long, broad spines, which have back- 
ward inclination the 11th, which the The lumbar vertebrae are large 
and heavy and have broad, low neural spines and transverse processes which are 
nearly equal length and width throughout. The four sacral vertebrae have separate spines 
and separate, plate-like transverse processes; the first vertebra and the second 
support the ilia. The tail long and stout; the first ten caudals have single transverse 
processes and neural arches. The centra increase length the 13th from which they 
diminish posteriorly. 

The humerus about long Sus, but much more slender; the tuberosities are 
comparatively small and low; the internal one rises but little above the head, which 
resembles Agriochoerus rather than The radius long and 
slender, expanding abruptly the distal end. The carpus lacks the trapezium, but the 
other carpals resemble those Merycoidodon. four metacarpals are relatively longer 
and more slender than the genus last named. The distal trochleae are more hemi- 
spherical than semicylindrical. The ungual phalanges are not usual, primitive 
artiodactyle hoof found Merycoidodon, but seem intermediate form. They are 
laterally compressed and curve downward, terminating bluntly rounded point.”’ 

The pelvis peculiar because the median angulation which runs forward from the 
acetabulum the border and along the ischium. The ischium very broad 
and the obturator foramen small, the pubic symphysis short. The shortness the 
post-acetabular part the pelvis contrasts strongly with its length Merycoidodon. 
Femur, tibia and fibula and hind foot are very much Merycoidodon, except that the 
ungual phalanges resemble those the manus. 

striking are the differences between Eporeodon socialis and major, suggest 
the propriety referring them separate genera. that may, the two species 
clearly indicate the existence two distinct phylogenetic series within the genus, now 
constituted. One these, exemplified socialis, continues the central line the 
family through the John Day species the Miocene and Pliocene genera and ends 
Metoreodon, the other leading from major Promerycochoerus, Merycochoerus and 
Pronomotherium. 


Thorpe, R., Bull. Peabody Mus. Nat. Hist., No. 


; 
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MEASUREMENTS (from Thorpe) 


Upper premolar series, length......... 43.5 
Skull, width over zygo. arches........ 100 apprx. 161.5 
Skull, width postorb. constr........ 32.7 118 
Skull, width brain-case............ 168 
Mandible, max. length.............. 159.5 153 
Mandible, length symphysis........ 47.4 141 
Mandible, height coron. proc....... 94.5 172 
Mandible, depth below m3........... 


Horizon: Upper Brulé. 
Locality: Bluff, Neb. 


Eporeodon helenae (Douglass) 


Eucrotaphus helenae Douglass: Trans. Amer. Phil. 2nd Ser., Vol. XX, 243, 1901. 
Eporeodon helenae Thorpe: Mem. Peabody Mus. Yale Univ., Vol. III, Pt. 69, 1937. 


The type specimen this species young and very incomplete skull, which retains 
part the milk-dentition. Though its status doubtful, Thorpe, who 
defines thus: ‘‘The skull small. The zygomata originate over the back part 
and are widest the front the glenoid surfaces. The malar part deep and robust. 
The nasal bones are broad and they narrow gradually and uniformly backward end 
points line with the antorbital margins. The lacrimal bone very large, and the 
antorbital pits are nearly circular and very deep. The frontals are very wide, medially 
concave and transversely convex above the orbits, and they extend well advance the 
lacrimal bones. The orbits are medium size and circular shape. The temporal 
ridges unite just back the postorbital constriction form low, long sagittal crest 
whose length about third that the entire skull. The brain case wide and 
well rounded, without marked ridges the parieto-squamosal suture. The bullae, 
while large, are.smaller than those 

Mandible: The symphysis unusually wide, character that may due ado- 
lescence. The symphysiodental angle apparently about 50°, and the mental tubercle 
moderately large, the angle. The coronoid process narrow and and the 
notch small, with the condyle not far behind the coronoid 

superior molars are approximately the same diameter both directions 
increase very gradually (Thorpe, op. pp. 69-70.) 


(Thorpe) 


Skull, width over zygom. mm. Mandible, max. length............... 142 mm. 
Skull, width postorb. constr........ Mandible, depth below m3........... 
Skull, width brain-case............ Upper molar series, length........... 
Skull, width over mid. M1, ant.-post. diameter.............. 
Orbit, ant.-post. diameter............ 27.6 trans. diameter................. 
Orbit, vertical diameter.............. M3, ant.-post. diameter.............. 


Horizon: Upper Oligocene 
Locality: Toston, Broadwater Co., Mont. 


Be 
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Eporeodon montanus (Douglass) 


Eucrotaphus montanus Douglass: Ann. Carnegie Mus., Vol. IV, 100, 1907. 
Eporeodon montanus Thorpe: Mem. Peabody Mus., Yale Univ., Vol. III, Pt. 80, 1937. 


This would seem very distinct species the major group and with marked 
resemblances Promerycochoerus; the type-specimen exceptionally perfect skull, 
with lower jaw attached. The original description very brief: ‘‘The upper molar teeth 
have nearly the same antero-posterior diameter the corresponding teeth the type 
Oreodon (Eucrotaphus) major Leidy. The length the upper and lower molar series 
nearly one and one-fourth times the length the corresponding premolar series. 
The arrangement the elements the posterior base the skull nearly the species 
Promerycochoerus from the Cafion Ferry Beds. The orbits are fairly large, the malar 
moderately deep; the posterior portion the zygomatic arch only moderately heavy; 
the sagittal crest high and thin; the infraorbital foramen located over P4; the anterior 
portion the mandible low, but increasing depth backward the angle, which 
very large and rounded; the coronoid processes are low. Length skull, total 239 mm.; 
height skull, mm., length upper premolar series, 48.5 mm., length upper molar 
series, (Douglass, op. cit., pp. 

Thorpe, who has had before him referred skull, gives fuller account this species. 

Characters: The skull nearly the size that major but closer 
the dolichocephalic type. The zygomata attain their maximum expansion about the 
middle the zygomatic foramina. The malar but moderately deep, and the squamosal 
process lighter and rises sharply toward the posterior portion. The nasal bones are 
long and posteriorly truncated. The pars facialis the lacrimal The 
frontals are average width and moderately flat. extend well advance the 
lacrimals. The supraoccipital crest much produced and the wings are very slightly 
spread. The brain case narrow, elongate and low. The external auditory meatus 
large and somewhat posteriorly directed. The palate narrow and moderately flat, with 
the V-shaped palatonarial border behind the last molars. The postglenoid process 
quadrilateral basal outline and terminates inferiorly transverse ridge, departure 
from the usual generic form. 

Mandible: The symphysiodental angle 52°, and the chin profile markedly concave. 
The mental tubercle prominent, the angle. The horizontal ramus moderately 
slender, though increases gradually depth 

anterior premolars are crowded both upper and lower dentitions. overlaps 
externally, while the inferior three anterior premolars overlap. has nearly uniform 
width, although some species, socialis for example, the posterior part con- 

Discussion: The skull this species midway between the form 
socialis and the major, while bullatus has much more meso- 
cephalic, almost brachycephalic, skull. The dental indices all these are nearly alike. 
some ways this closest the major group, and more particularly relictus 
the Miocene but the bullae are approximately half large, the basicranial axis 
steeper, the sagittal crest much higher and thinner and the supraoccipital crest much 
more produced than major (Thorpe, op. cit., pp. 
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these descriptions may added one two items significance. The antorbital 
fossa very deep posteriorly but passes front into groove without anterior boundary. 
The ventral border the horizontal ramus mandibuli, which major and socialis 
nearly straight, made concave the downward extension the angle. 
MEASUREMENTS 
199 Upper premolar series, length.......... 48.5 
Skull, width over zygom. arches...... 122 Lower molar series, length............ 
Skull, width over brain-case.......... Lower premolar series, length.......... 
Skull, width postorb. constr........ Upper canine, ant.-post. diam.......... 10.5 
Orbit, ant.-post. diameter............ Upper canine, transverse diam......... 
Orbit, vertical diameter.............. 29.4 
Malar, suborbital depth............. 10.5 
Mandible, max. length............... 185 


Horizon: Top lower Brulé. 


Localities: Type Mo. River, Helena, Mont. Referred skull 
Scott’s Bluff, Neb. 


LIM NENETES—LEPTAUCHENIA—CYCLOPIDIUS Tribe 
Limnenetes Douglass 


(Plate 


Limnenetes Douglass: Trans. Amer. Philos. Soc. (N.S.), Vol. 259, 1901. 

original account Limnenetes follows: skull (No. 49) which 
take the type this genus was found side hill about three miles northwest Three 
Forks (Montana). was near vertebrae small The skull most 
nearly resembles, Oreodon gracilis size, yet differs more less from that species 
most respects.. The most striking characteristics are the following. 

low, frontal plane nearly flat, orbits open behind and high possible without 
arching the frontal plane; separate interparietal; tympanic bullae large and longitudinally 
elliptical; sharply angulate; zygomatic arches nearly parallel; sagittal crest 

The type-skull very old animal, with teeth worn that trace pattern 
remains and many the nerve canals are exposed. Nevertheless, their selenodont, 
indeed, their oreodont form obvious, that only distinguishable difference from the upper 
cheek-teeth Merycoidodon gracilis the somewhat greater transverse breadth p4. 
The teeth from the third premolar the last molar, inclusive, are preserved, with some 
loss the external wall. Douglass’ plesiotypes from the same locality and the same beds 
the genoholotype, are parts upper jaws which contain teeth that are little, not 
all worn. these Thorpe says: brachyodont and specialized. wider than 
long, nearly square, and slightly longer than wide. The faces the paracones 
and metacones are nearly the same plane and not appear offset, they are 
Merycoidodon. much wider than long and has pit the antero-external portion. 
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subtriangular, the anterior part having but tiny antero-internal crescent and 
antero intermediate crest. similar construction P3, but (Op. cit., 
44.) 

Despite the great age this specimen, many the sutures are still visible, and the 
skull shows certain characteristic differences from that Merycoidodon gracilis, the most 
significant which were enumerated Douglass. The mandible lacking and the 
anterior portion the rostrum, including the premaxillae, has been broken away and lost, 
but the remainder good preservation and quite free from distortion. 

The nasals are narrower and much shorter than gracilis, not invading the frontals 
deeply, and their posterior ends are advance the orbits, instead extending back- 
ward behind the line the orbital margin; they are flattened instead being gently convex. 
The frontals have hardly any nasal processes, marked difference from gracilis; the 
forehead slightly concave, with low ridge along part the median suture, and the 
posterior extension between the frontals gracilis the forehead transversely 
convex, especially over the orbits, which, size, shape and position, differ notably from 
those Limnenetes. the latter the orbit incompletely closed behind, the postorbital 
processes frontal and jugal, which, all the species Merycoidodon, are united, being 
separated considerable interspace mm.). size, the orbit decidedly larger 
Limnenetes and its shape less circular, more oval, with long axis directed vertically and, 
position, raised notably higher than Merycoidodon and its dorsal border elevated 
slightly above the frontal plane, instead distinctly below it. The supraorbital foramina 
are smaller and farther forward than gracilis, but the vascular grooves which extend 
from them are much more prolonged and pursue slightly sinuous course, curving down- 
ward over the maxillaries the infraorbital foramina. 

The parietals unite thin sagittal crest, which decidedly longer than gracilis 
and the temporal ridges diverge more abruptly the postorbital processes than they 
the latter and, above the squamosal suture, the parietals are much narrower, but broaden 
advance that suture. peculiar feature, which Douglass emphasizes, the presence 
distinct interparietal, triangular plate with base directed backward and wedged 
between the parietals and squamosals and the supra-occipital, narrow strip which 
forms the crest the inion, which the interparietal does not participate. view 
the advanced age this animal, the persistent separateness the interparietal peculiar 
fact. other member the family has this element been observed. 

The occiput similar shape that gracilis, but much flatter, the convexity 
which lodged the vermis the cerebellum being decidedly less prominent and not extending 
far over the foramen magnum. The whole posterior portion the cranial base, measured 
from the occipital condyle the postglenoid process, shorter than gracilis. 
The paroccipital process closely applied the hinder wall the tympanic bulla and 
would seem much shorter than Merycoidodon, but the state preservation renders 
this uncertain. 

The most conspicuous feature this skull formed the tympanic bullae, which 
are relatively far larger than Merycoidodon and even larger than but not 
nearly large Leptauchenia; they are oval shape, with long axis directed antero- 
posteriorly, but they also have considerable dorso-ventral diameter. The auditory 
meatus elongate and tubular and, position, similar that Merycoidodon. 
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The has notably broader cranial portion than has the genus last named; 
the zygomatic process more slender, though otherwise like that gracilis, but the 
glenoid cavity more simply concave and has not the slightly raised anterior convexity. 
The lachrymal relatively smaller than the latter and has shallower pit and less 
prominent spine. 

Thorpe! gives brief account the skeleton, far known. writes: ‘‘The 
limb bones are slender and long, after the manner Merychyus. The humerus has 
deep epicondylar pit, very high great trochanter, and prominent lesser trochanter, 
and more nearly straight than the usual merycoidodont form. The ulna has very 
long olecranon process, while the radius flattened, though not great degree 
some the later species. The pelvis moderately short and widely expanded posteri- 
orly. The femur has expanded terminals, while the cnemial crest the tibia prominent, 
but short. The elongated foot somewhat like that Merychyus, with long, slender 
toes and narrow unguals.” (Thorpe, op. cit., 45.) 


RELATIONSHIPS LIMNENETES 


was the opinion that the tribes within the Merycoidontidae, the one 
typified Leptauchenia and the other Eporeodon were derived from the same stock, 
perhaps from the slender-footed Limnenetes-line the lower Oligocene (Chadron) but 
that Limnenetes itself was probably not the actual ancestor. his phylogenetic 
diagram the family, places this genus the direct ancestry Leptauchenia, which first 
appears the uppermost Brulé, but his text (p. 29) expresses this more tentatively. 
This suggestion Thorpe’s has much recommend it, though, view the long hiatus 
time between the lower Chadron and the upper Brulé, would premature make 
positive assertion such relationship. Considering first Thorpe’s hypothesis 
the actual and direct descent Leptauchenia from Limnenetes, should note that the 
problem twofold: (1) Could Leptauchenia have been derived from some such form 
Limnenetes, assuming that the time involved was sufficient for such derivation? (2) Did 
the time between lower Chadron and upper Brulé suffice for great change? Neither 
question can, yet, answered with confidence, but, admitting that there was the needed 
time, there obvious reason why Leptauchenia might not have been derived from 
Limnenetes. 

the other hand, there ground for the inference that the elapsed period between 
lower Chadron and upper Brulé was too short for great change. true that there 
disconformity between Chadron and lower Brulé and that considerable hiatus 
time indicated this break sedimentation. Very few species mammals passed 
unchanged through this unrecorded time and are, therefore, common the Chadron and 
the lower Brulé and still fewer persisted into the upper Brulé. Nevertheless, there are 
several phylogenetic series, such horses, rhinoceroses, camels, saber-tooth cats, canids, 
etc. which can traced upward through the whole thickness the White River formation 
and none these series there great structural change between Limnenetes and 

The Merycoidodontidae; Mem. Peabody Mus. Nat. Hist., Yale Univ., Vol. III, 


Ann. Carnegie Mus., Vol. XV, 371. 
Op. cit., 25. 
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Leptauchenia. That, course, does not prove that such development did not take place 
this particular line. 


Limnenetes platyceps Douglass 


Limnenetes platyceps Douglass: Trans. Amer. Philos. Soc. (N.S.), Vol. 259, 1901. 

this the only species yet named, requires little description other than that 
already given the genus. Douglass says it: ‘‘The skull very nearly the size 
Oreodon gracilis. Its likeness that seems more apparent hasty examination than after 
detailed study. many respects more like (?) (Loc. cit.) 

Thorpe adds some remarks, which are equally applicable both genus and species: 
does appear so, but detail can seen that these teeth are more specialized than 
those that genus Eporeodon. believe that Douglass was correct assigning 
Limnenetes the Eporeodon group, the basis the large bullae and other similarities 
skull structure. Loomis corroborated the opinion Douglass and suggested that this 
genus might have initiated the 
—Pronomotherium line. The specialized tooth structure Limnenetes seems indicate, 
however, that this genus does not stand the main phyletic line and therefore not 
directly ancestral The latter has pit the antero-external corner P4, 
and possesses the anterointermediate crest and anterior crescent, thus making them 
unlike these two teeth (Op. cit., 45.) 

The dimensions the table below are repeated from Douglass after verification from 
the type-specimen. 


MEASUREMENTS 

Skull, length fr. ant. edge mm. Orbit, vertical diameter............... 
Skull, length fr. post. edge cons. ant.-post. diameter............... 5.5 
Skull, width ant. glen. cav.......... P4, transverse diameter............... 7.7 
Skull, height med. line orbit...... M1, transverse diameter.............. 
Skull, height M2, ant.-post. diameter............... 
Skull, width middle orbits........ M2, transverse diameter.............. 
Skull, width brain-case............. 39.5 M3, ant.-post. diameter............... 
Orbit, antero-post. M3, transverse diameter.............. 


Horizon: Chadron, probably near base. 
Locality: Thompson’s Creek, ab’t N.W. Three Forks, Gallatin Co., Montana. 


Leptauchenia Leidy 
(Plates LXXIV, 
Leptauchenia Leidy: Acad. Nat. Sci. Philad., Vol. VIII, 88, 1856. 


This much the most peculiar and aberrant the White River genera the family 
and has been found only the upper Brulé, both the sandstones the Protoceras channels 
and, more abundantly, the Leptauchenia clays and tuffs. Unless, Thorpe has sug- 
gested, was derived from the Chadron genus, Limnenetes, its appearance was sudden and 
unheralded and must have been migrant from some other region, not yet identified. 
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Leidy says it: ‘‘The genus closely allied Merychyus, far can ascertained 
from comparison the corresponding parts, and, like the latter, related Oreodon 
and 

The genus may defined thus: Dental formula complete; incisors very small, though 
unreduced number, cheek-teeth hypsodont, molars rootless; orbits small, presenting 
obliquely forward, closed behind, tops raised above the level the forehead; large facial 
vacuities between nasals, lachrymals and maxillaries, reducing nasals narrow bony 
strips; squamosal very large and root zygomatic process extending crest inion 
and elongate post-tympanic process forming part occiput and excluding mastoid from 
surface; long, tubular auditory meatus opening occipital crest above cranial roof; 
tympanic bullae relatively enormous and hollow; coronoid process mandible much 
longer proportionally than Merycoidodon and angle extended farther back than that 
genus, conceal occipital condyles side-view. 


DENTITION 


Upper Teeth: the American Museum are two skulls, Nos. 622 and 623, which 
display incisors and canines, rare condition, for nearly all the specimens the various 
collections have lost the crowns the front teeth. The incisors are extremely small and, 
particular, are very narrow transversely, with closely crowded roots; the enamel-covered 
crowns are comparatively long and their chisel-shaped edges are level with the point 
the canine. Evidently, the incisors were about disappear, they progressively did 
the genera Cyclopidius and Pithecistes, the lower and middle Miocene. 

The canine relatively small, especially nitida, and different shape 
being laterally compressed and having its principal diameter the antero-posterior instead 
the transverse direction. The premolars are high-crowned and, for some time after 
eruption, they remained rootless, but roots were eventually formed; even so, however, the 
crowns are much higher than Merycoidodon and are different shape; they longer 
have the trenchant, compressed-conical form, with cordate buccal faces, but, externally, 
these teeth are nearly rectangular outline, with comparatively straight masticating edge. 
The face each tooth marked very shallow median groove, though there 
were two external crescents and, front and behind the groove, are low, obscure con- 
vexities. There is, however, but single external crescent, but all the premolars have 
more less developed inner cusps, notable difference from 

The first premolar, much the smallest the series and can hardly have been 
any use its possessor. considerably larger than pl, least has 
small, but distinct, deuterocone, tubercle, which arises the postero-internal 
angle the crown and should, therefore, called, according position, tetartocone, 
rather than deuterocone. the ordinary selenodont pattern, with two crescentic 
cusps, external and internal; the inner crescent would seem have enamel lining 
its side. P2, and are nearly the same antero-posterior diameter. 

The molars are, Leidy emphasized, very much like those the Miocene genus 
Merychyus; they are narrow transversely and have shallow valleys, which are early reduced 
lakes and then obliterated the course abrasion. Externally, the great prominence 
the para- and meso-styles and their somewhat oblique course from above downward, 
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which gives imbricated appearance, are characteristic features; metastyle present 
and, therefore, the anterior crescent has much more concave buccal face than the posterior 
one; cingulum formed and there are pillars the inner side. 

Lower Teeth: The incisors are very small and closely crowded; their roots are narrow 
and laterally compressed, with principal diameter from buccal lingual face; they are 
but slightly oblique and are more nearly erect than Merycoidodon. the comparatively 
large major, however, the chin differently shaped and the lower incisors are more 
nearly procumbent; the minute crowns are chisel-like shape and increase size from 
The lower canine not only larger than any the incisors, but also retains, 
has re-acquired, something its original shape and more erect, less procumbent, than 
the incisors; between the upper canine and third incisor. Thus the upper and 
lower canines and the caniniform first lower premolar form group three lacerating 
teeth, somewhat like those the Camel, but miniature scale. 

The first lower premolar, nearly all the species the superfamily, Oreodontoidea, 
caniniform, but relatively smaller Merycoidodon. When the succeeding Miocene 
genera, Cyclopidius and Pithecistes, are taken into account, would certainly seem that 
Leptauchenia may see the beginning reversal development. While the principle 
that ‘‘a structure once lost not regained” very probably true, the converse, that 
structure once acquired never subsequently lost, assuredly not true and the genetic 
series, Leptauchenia—Cyclopidius—Pithecistes, presents case point. The second 
premolar, p2, much reduced and nearly vestigial pl. The three posterior premolars, 
have the compressed-conical shape, trenchant and sharp-pointed; and have 
external groove, which suggests incipient division into two cusps, and has internal 
ridge, which separates broad anterior valley from narrow posterior one, the latter 
enclosed ridge projecting inward from the hinder margin. Apparently, this was the 
first step toward the assumption the molar pattern. 

The molars are thus described Leidy: ‘‘The inferior true molars likewise closely 
resemble those Merychyus. this genus, they are also remarkable for the early 
obliteration the interspaces the inner and outer lobes. From those Merychyus 
they usually differ the decided separation internally the inner lobes, means 
narrow fold well-defined and slightly overlapping ridge extending the bottom the 
crown.” (Op. cit., 123.) 

The Milk Dentition preserved but seldom and have seen jaws which the 
temporary incisors canines are retained. One very young skull (Princeton Museum, 
No. 15,548) has the first set cheek-teeth, above and below, with the first true molar 
already place and the second one process eruption. There reason doubt 


that Leptauchenia, Merycoidodon, the formula should written: and that 


had predecessor the milk-series. highly probable also that the lower milk-canine, 
Merycoidodon, functioned such and had not become, shape and function, one 
the incisors. 

the upper jaw the three temporary premolars are brachyodont and they grow 
larger and more complex backward; the foremost one, dp2, very small and resembles 
permanent premolar being compressed-conical and trenchant; the second one, dp3, has 
two external lobes, which are imperfectly crescentic, because the flatness, even con- 


FAUNA THE WHITE RIVER OLIGOCENE 


vexity the buccal faces; there parastyle and the mesostyle very low and incon- 
spicuous; there also single internal cusp. Dp4 molariform, but considerably 
smaller than from which further differs its low crown and the much less promi- 
nent styles and less deeply concave external crescents. 

the lower jaw, dp2 very small, single-rooted and simple and has the compressed- 
conical shape. considerably larger and inserted two roots; externally, the 
crown the primitive, trenchant form, with feebly indicated posterior valley. Dp4 
has the six-lobed crown which universally characteristic artiodactyls far back 
they can traced. 

Leptauchenia is, thus, another the genera which, like the Miocene horse, Merychippus, 
and the typothere, the Patagonian Miocene, have retained ancestral 
characters the milk-teeth, which are lost the permanent dentition. 


SKULL 


The skull this genus one the most grotesque found this extraordinary 
family, many which had peculiar heads. 

Side View: With the lower jaw place, the skull short and vertically high; from 
the angle the mandible the sagittal crest, the height decora mm., compared 
with length 115 mm. usual the White River members the family, the 
cranium long and the face short, much that Leptauchenia has, more than once, 
been mistaken for one the Primates. The orbits are small and very high up, the roof 
projecting above the level the forehead; they present obliquely forward and upward 
way that forms decided contrast the orbital position Merycoidodon. Large 
antorbital vacuities extend from above the orbits almost the premaxillae. The anterior 
nares are low and small and the upper profile the skull ascends gentle curve the 
vertex, thence slightly downward the occipital crest. The zygomatic arch very broad 
beneath the orbit, slender behind it, and the squamosal zygomatic process rises very high 
upon the cranial wall. One the most characteristic features this curious skull the 
auditory meatus, which very high the side the cranium, much higher than 
the suillines, and opens obliquely upward and backward the external angle the 
occipital crest.. The mandible remarkable for the height and breadth the ascending 
ramus, the backward-projecting angle concealing the enormous bullae side-view. The 
horizontal ramus short, correspondence with the abbreviation the face and upper jaw. 

Top View: The exceptionally grotesque appearance this skull best displayed, 
when seen from above; the relatively great outward expansion the zygomatic arches 
and the remarkable antero-posterior breadth the zygomatic processes the squamosals, 
which encroach upon the temporal openings convert them into narrow, transverse 
ovals. The shortness and breadth this skull, contrasted with that Merycoidodon, 
are most marked the top-view, also the obliquity the orbits. The sagittal crest 
short and ends forward narrow sagittal area. The zygomatic arches are raised 
and extended both transversely and antero-posteriorly, bury the hinder part the 
brain-case and conceal from sight; thus, posteriorly, the top the skull formed 
shallow concavity each side the sagittal crest. The very prominent auditory meatus 
projects from each postero-lateral angle the cranium and interrupts the continuity 
the zygomatic process with the crest the inion and the high position the arch the 
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cranial wall produces distinct, though superficial, resemblance the skulls the South 
American Notoungulata. 

The forehead short and broad and divided obscure median ridge into two 
shallow concavities. The large facial vacuities, which reduce the nasal bones narrow 
splints, are most conspicuous this view, are also the shortness the rostrum and its 
sudden anterior narrowing. 

Base View: The most immediately striking feature the basal aspect the skull 
the relatively immense size the auditory bullae, which leave but little space for the basi- 
cranial bones and make the occipital condyles seem very small comparison. The 
processes the maxillaries are conspicuously long, adding the spread the 
arches. The bony palate wider behind and narrows forward more, the tooth-rows, 
which, Merycoidodon, are nearly parallel, converge anteriorly. The posterior nares are 
placed farther forward than the last-named genus. 

Front View: Comparing the skulls and Merycoidodon, seen from the 
front end, the most striking differences are: (1) the orbits, which are much smaller, 
much more elevated and oblique their forward and upward presentation 
Leptauchenia; (2) the relatively great breadth and elevation the zygomatic arches; 
(3) the great facial vacuities and (4) the narrow muzzle, not expanded the canine alveoli. 

The rear-view covered the description the occiput, which, Leptauchenia, 
differs greatly from that any other genus the family, save the Miocene successors, 
Cyclopidius and Pithecistes, its low, broad and nearly quadrate shape. The occipital 
crest, except for the interruption the auditory meatus, continuous with the dorsal 
border the zygomatic arch. The made very slender the inordinate 
development the tympanic bullae; the exoccipitals are broad and low and form most 
the excluding the supraoccipital from the foramen magnum, above which the 
inion convex and each exoccipital has small tubercle which projects over the foramen. 
The median convexity flattens upward, passing into the concavity the supraoccipital. 
The paroccipital processes are relatively shorter than Merycoidodon, are much compressed 
antero-posteriorly and closely applied the hinder side the tympanic bullae; the distal 
portion free and rod-like, with rounded tip. The supraoccipital proportionally larger 
than Merycoidodon and broadens out above the exoccipitals; the line the suture 
the inion proper constricted, make room for the tubular auditory meatus. 
the supraoccipital would seem coalesce with the interparietal, but, even very young 
skulls, the relations are not altogether clear. 

Not all the posterior surface the skull made occipital elements; outside 
the exoccipitals, the very long processes the squamosals form considerable 
strips the external borders the inion; between these processes, and the exoccipitals, 
there space for the mastoids, which are, thus, excluded from the surface the cranium. 
the supero-external angles the occiput and, internal these, the squamosal crests 
complete the hinder surface the skull; the wing-like processes are absent, extremely 
short. 

The parietal single, even the very young skull, which already has sagittal crest 
and which the interparietal separate from the parietal, though, seemingly least, 
ankylosed with the supraoccipital. The adult skull has the sagittal crest about high, 
proportionately, Merycoidodon, but shorter, because the sagittal area front. 
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The single parietal even longer and narrower than except front 
the squamosals, where extends down each side junction with the alisphenoids; 
the juvenile skull the parietal relatively very much wider. Somewhat front the 
squamosal suture, where the parietal broadest, there oblique ridge, running down- 
ward and forward, which varies prominence different skulls; 
feebly, not all indicated. 

The anterior ends the parietal diverge widely and receive between them triangular 
area the frontals, which bounded the temporal ridges. The forehead broad and 
made transversely concave the raised rims the orbits; antero-posteriorly, very 
short, being cut away, were, the large facial vacuities, between which the frontals 
send out short and narrow extension articulating with the nasals. The supraorbital 
foramina are very small and placed near the margins the orbits; from each one curved 
line minute vascular foramina, like pinholes, passes toward the median line. 

The nasals are much reduced width the facial vacuities and are mere splints. 
Posteriorly, they articulate with the frontals straight, transverse suture and broaden 
gradually and regularly forward, reaching their maximum width between the premaxillae, 
and having rounded tips. The two nasals, together, have curiously paddle-like shape. 

The are very small, correlation with the minute incisors, though 
these are present undiminished number; notwithstanding its small size, the ascending 
ramus fully visible from the side and articulates broadly with the nasal, thus differing 
from which the maxilla overlaps and conceals most the ascending ramus 
the premaxillary. 

The forms nearly the whole the side the face front the orbit, 
nasals.and frontals are much reduced the larger vacuities, which also emarginate 
the maxilla; the latter rises advance the vacuity form short suture with the nasal. 
The infraorbital foramen small and has very elevated position above p3. The zygo- 
process the maxillary unusually large, both transversely and 
carrying the jugal outward, forms much the orbital floor, the remainder which 
made the somewhat inflated-looking alveolar parapet. The palatine processes are 
large, uniting form broad vaulted palate, which narrows forward the canines. 

The palatine bones are relatively large, extending forward the middle and, 
between the molars, reducing the maxillae their alveolar processes; the lateral palatine 
notches are broad and deep, produced the backward extension the alveolar processes, 
carrying m3. The posterior nares are placed little farther forward than Merycoidodon; 
the canal, formed palatines and pterygoids, very short antero-posteriorly, but 
high dorso-ventrally; the hinder border each side-wall somewhat everted and ends 
abruptly. The space between the molar teeth and the tympanic bullae exceptionally 
short; this due, not only the relatively immense size the bullae themselves, but also 
the abbreviation the whole basicranial region. 

The tympanics are, Leidy called them, the inflated bullae are broadly 
oval and hollow, entirely free cancellous bone, internal septa; the antero-inferior 
point small, but distinct spine. Excepting this tribe the family, including 
Cyclopidius and Pithecistes, the auditory meatus altogether unique; the long bony tube 
passes directly upward from the bulla, concealed the junction the post-glenoid and 
processes the squamosal, and opens the top the cranium, the 
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external angle the occipital crest, the orifice presenting outward and backward. Over 
the upper part the tube, the squamosal rises, though actually pushed the 
growth the meatus, not blocking the opening, course. Except directly from the front, 
when the skull seen with the eye the level the anterior nares, the two auditory 
openings are most conspicuous features every view the skull, side, top, rear and base 
and, except this tribe, other genus the whole superfamily shows similar structure. 

The squamosal exceptionally large, especially the full-grown skull; very young 
specimens, which retain the milk-teeth, the bone proportionally much narrower and 
forms less the cranial side and roof. With growth, the squamosal encroaches upon the 
parietal and, the adult, forms most the top and side the cranium, extending over 
the brain-case such way obscure its form. The squamosal also extends posteriorly, 
bend over the auditory meatus and form the greater part the crest the 
inion. The process remarkable for its great development; forms 
long and broad strip the occiput, articulating with the exoccipital. 

The zygomatic process the squamosal has root, transverse portion, which 
very broad and extends the crest the inion, with which its dorsal border continuous, 
except for the interruption the auditory meatus. This very elevated position the 
arch and its continuance into the occipital crest, resemble the structure seen the toxodonts 
and typotheres South America, interesting example convergence, for there can 
question relationship between Leptauchenia and the Notoungulata. 

The anterior branch the zygomatic process short and slender and arises more 
anteriorly than Merycoidodon; for most its length supported the jugal, which 
reaches back the glenoid cavity and makes the zygomatic arch very broad dorso-ventrally, 
except its hindermost part. The suborbital portion the jugal also broad and has 
comparatively wide ventral surface; anteriorly, where this bone rests upon the zygomatic 
process the maxillary, narrows abruptly. The jugal and frontal make nearly the 
whole boundary the orbit and, owing the obliquity the latter, the postorbital 
process the jugal not vertical, Merycoidodon, but slopes inward and upward. 

The lachrymal small, compared with its facial extension Merycoidodon, being 
cut off dorsally the vacuity; the antorbital fossa, lachrymal pit, very shallow and, 
some skulls, almost vestigial. 

The mandible, while obviously the same type Merycoidodon, yet modified 
many details and somewhat specialized correlation with changes the skull; the 
horizontal ramus decidedly shorter, deeper and more curved, and the ascending ramus 
higher and broader. The depth jaw necessitated the hypsodont teeth and 
diminishes forward rapidly; the convexity the angle projects slightly 
below the lower border and, this, there shallow concavity, while, under the 
cheek-teeth, the border nearly straight the symphysis, where there may small 
mental tubercle. Leptauchenia, the other hand, the posterior and ventral borders 
form continuous curve from the condyle the chin, which rises more steeply; the outer 
side the jaw also decidedly more convex and the whole relatively shorter. The two 
halves the mandible are co-ossified, though the suture remains visible till advanced 
old age. 

The ascending ramus remarkably broad, the angle being produced far back 
almost conceal the paroccipital process, when the skull seen from the side. The 
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border the angle little thickened and but slightly rugose and, before mentioned, 
curves the condyle, not having the straight concave portion which, Merycoidodon, 
slopes down from the condyle. The condyle projects externally less than the latter and 
the masseteric fossa less deeply impressed, but continued farther below the level 
the teeth. The coronoid process rather small, but actually larger and, therefore, very 
much larger relatively than Merycoidodon gracilis, and the sigmoid notch much wider; 
the process slightly recurved and has rounded tip. front the ascending ramus 
and behind m3, fossa bounded the lineae obliquae, which the externa very 
prominent. 

part the apparatus has been reported. 

One specimen the Princeton collection (No. 10,765) fairly complete skeleton; 
two individuals are included this number, which were found together and agree closely 
size, that impracticable make complete separation them; only one skull 
represented. These are supplemented two other partial skeletons (Nos. 10,753 and 
10,770), the three together giving the essential facts structure, except for the manus and 
the caudal vertebrae. These four individuals furnished the material from which Sinclair 
made his restoration, giving but very brief preliminary account the parts. All the 
bones are most like those very small Merycoidodon, but with great many differences 
detail, the significance which not always obvious. 


VERTEBRAE AND RIBS 


the partial skeletons the Princeton Museum, one (No. 10,773) has the backbone 
position, lacking the tail; the junction the dorsal and lumbar regions, several 
the vertebrae have been much damaged, but well-nigh certain that, other members 
the family, the vertebral formula is: C7, D14, L6, Cd?. second specimen, No. 
10,765, has the whole cervical series and the anterior dorsals place, the last dorsal 
and first lumbar and the three posterior lumbars, with the sacrum and first caudal. Thus, 
the presumably dorsals and lumbars, are preserved almost intact and series; 
the missing ones appear the 12th and 13th dorsals and the 2nd and 3rd lumbars. The 
neck short and its vertebrae are closely compacted the characteristic death-pose. 

The atlas .is short antero-posteriorly, relatively shorter than Merycoidodon, and 
moderately broad, but the transverse processes are less widely expanded than the latter 
genus; the free borders the processes are moderately thickened and rugose. The verte- 
brarterial canal has very small posterior orifice; anteriorly opens into the large fossa 
the ventral side. The inferior arch very narrow and slender and bears small hypa- 
pophysial tubercle. The neural arch much broader and more curved and has larger 
tubercle neural spine; this arch has conspicuously large foramen each side for 
the spinal nerve. 

The azis much the longest the cervicals; anteriorly, the centrum made very 
broad the relatively large surfaces for the atlas, behind which narrows the posterior, 
slightly concave face; the centrum has ventral keel, the hinder end which there 
tubercle. the other members the family, the odontoid process transitional 
between the peg-like and the spout-like form, being flat the dorsal side and convex 
the ventral, and, differing from Merycoidodon, the articular surface the ventral side 
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the odontoid connected with those which engage the posterior cotyles the atlas. The 
neural arch high and the high spine differs shape from that Merycoidodon and still 
more from that Agriochoerus; not, those genera, enlarged, hatchet-shaped 
plate, but extends behind the pedicles the arch, broad, compressed rod, which 
slopes upward and backward over the third vertebra. The transverse processes are different 
from those any other cervical, being elongate, slender and rod-like, directed outward 
and far backward, that they overlap those the 3rd vertebra. 


Fig. decora—Skeleton, right side. From Sinclair. 


The succeeding cervicals have relatively short and broad centra almost uniform 
length, with ventral keel and hypapophysis the 3rd, 4th and 5th; the 6th the keel 
faint and absent from the 7th; the neural arches are very narrow antero-posteriorly, 
the spines low and thin and inclined forward, becoming much higher and stouter the 
6th and still more the 7th. The zygapophyses, which present directly dorsally and 
ventrally, with almost obliquity, are relatively large, but project little front and 
behind the neural arches, making the intervertebral spaces narrow. The transverse 
processes differ more less each vertebra; the 3rd they are long, slender and rounded, 
extending obliquely back, overlap the processes the 4th cervical, which are 
simple and plate-like; the 5th the processes are like those the 4th shape, but extend 
more directly outward; the 6th the diapophysis short, slender rod and the pleura- 
pophysis, inferior lamella, large, descending plate; the 7th, usual, has only the 
slender, imperforate diapophysis. 

The dorsal vertebrae, number, have short, sturdy centra the anterior part 
the region, becoming lower dorso-ventrally and longer antero-posteriorly the hinder part 
the thorax. Anteriorly, the transverse processes, with facets for the rib-tubercles, are 
long and prominent, but shorten rapidly backward. The neural spines are remarkably 
short and slender and are strongly inclined backward, growing shorter and less inclined 
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toward the hinder end the region. The anticlinal vertebra cannot exactly determined 
from available specimens, but the first lumbar has erect spine and probably the 
anticlinical, but may one group similar vertebrae. 

The lumbars have strikingly elongate centra, which grow longer posteriorly, and have 
low, depressed, kidney-shaped and slightly opisthocoelous faces. The 6th vertebra differs 
from the others the shortness its centrum and the shape its transverse processes. 
The neural spines are remarkably short, low, but broad the fore-and-aft direction, 
and nearly erect, that the lumbar entirely erect; posteriorly, they have increasing 
forward inclination, but, even the 6th, not marked. the first lumbar the trans- 
verse processes are very short and slender, ending rounded tip. The succeeding 
vertebrae, with their lengthening centra, have longer and broader transverse processes, 
but, like the neural spines, they are exceptionally short and slender. the 6th lumbar 
these processes are even shorter than the 5th, because the restricted space between 
the ilia, but they are considerably wider and broaden the distal end. Metapophyses 
are inconspicuous the first three lumbars, vestigial the 4th and absent the 5th 
and 6th. anapophyses are visible any the vertebrae. 

The sacrum, other genera the family, unusually long and consists five 
ankylosed vertebrae, only the foremost which supports the ilia means large pleura- 
pophyses; the neural spines and zygapophyses are almost obsolete and form three incon- 
spicuous ridges along the neural arch. The transverse processes are broad and plate-like 
and diminish size backward, that the sacrum, whole, narrows posteriorly very 
gradually. The foramina for the passage the spinal nerves are relatively large and 
form two conspicuous rows holes both dorsal and ventral sides. The centra diminish 
rapidly size the hinder end and that the fifth vertebra extremely small. 

the caudal vertebrae, only the first one has been preserved; this complete, with 
neural arch, zygapophyses and transverse processes, but extremely small and suffices 
show that the tail must have been short. 

The Ribs, primitive artiodactyls generally, are slender and rod-like, resembling 
those unguiculates rather than ungulates; two three the anterior ribs are some- 
what broader than those which follow and have conspicuously elongate necks, between 
head and tubercle; the succeeding ones are very slender. 

part the Sternum has yet been found. 


PECTORAL GIRDLE AND 


The fore and hind extremities are approximately equal length, making the ridge 
the back nearly level, the neural spines compensating for the gentle curvature the 
spinal column. The limb-bones closely resemble those the smaller species Mery- 
but there are many minor differences, some which may attributable the 
small size the animals. 

The scapula differs many particulars from that Merycoidodon gracilis; the blade 
much broader proportion its proximo-distal length and somewhat different 
shape. The very high spine has decidedly more anterior position than gracilis, 
making the prespinous fossa somewhat narrower and the postspinous much broader. The 
neck more slender and elongate and the distal half the coracoid border much more 
distinctly concave, though hardly constitutes coraco-scapular notch; the proximal 
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half this border nearly straight, also the suprascapular border. The glenoid 
border concave for the distal third and then pursues straight course its junction 
with the suprascapular border, which nearly right angle. the concavity 
both the anterior and posterior borders, which narrows the neck and makes decidedly 
more slender than gracilis. glenoid border raised, thus making the postspinous 
fossa concave. The acromion prominent and antroverted. The glenoid cavity 
comparatively deep and the articular surface circular except for its extension over upon 
the coracoid manner that does not Merycoidodon. The coracoid somewhat 
larger proportionally than the latter and its anterior margin more incurved toward 
the median line the thorax. 

already mentioned, the fore and hind legs are nearly the same length, are also 
the humerus, femur and tibia; the radius somewhat shorter, compensating for the length 
the 

The humerus very much like that Merycoidodon, though with certain differences 
detail, there are also between major and decora; the former species, the humerus 
the only skeletal element known. The proportions the humerus are nearly the same 
gracilis, but the following differences may noted: (1) The external tuberosity 
relatively larger and rises higher above the head; the internal tuberosity smaller and 
less prominent and the bicipital groove shallower. (2) The small area for the insertion 
the infraspinatus muscle more (3) The proximal part the shaft thicker 
antero-posteriorly and, major, the deltoid crest more developed and has linea 
aspera along its outer margin. (4) The shaft has less sigmoid curvature and its distal 
portion more slender. (5) The supratrochlear fossa smaller and shallower and the 
perforation much smaller, entirely lacking. (6) The internal epicondyle more massive 
and prominent. (7) The trochlea very much the same, but the external flange less 
prominent and the tubercle broader and less while the supinator 
ridge almost wanting. 

The radius, throughout the superfamily, separate from the ulna and resembles 
that gracilis, with several differences. The shaft decidedly more slender and 
rounded, expanding more the proximal end; side view, less bowed forward, but, 
from the front, does not seem straight, having slightly sigmoid lateral curvature. 
The distal end much broadened and thickened and its two facets for the carpus are 
distinct and nearly equal size. 

The ulna separate and unreduced; the olecranon large and continued 
the line the shaft, without backward inclination. The proximal end the process 
broad and has prominent tubercle the antero-internal angle, but there tendinal 
The anterior border the olecranon made concave the prominence the 
coronoid process. The shaft, which relatively stout, has the usual trihedral shape, 
tapering downward, and has slight forward curvature. The distal end narrow trans- 
versely, but moderately thick palmo-dorsally, with convex carpal surface. 

Carpus: Few the carpal elements are known. The pyramidal resembles that 
Merycoidodon, but the magnum differs being shifted toward the radial side, 
almost entirely beneath the 

Metacarpus: No. 10,770 has preserved portions the manus, supplemented 
specimen the Academy Natural Sciences, Philadelphia; there considerable part 
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the manus nitida, consisting the pyramidal and magnum, the second metacarpal 
and the proximal ends the others, The pyramidal resembles that 
Merycoidodon. 

minute ungual, too small for any other digit, suggests that the vestigial pollex 
retained this genus. short and stout, more than the second metatarsal, 
and minute copy the same bone gracilis. The third, me. III, not much 
stouter than me. II; the difference less than Merycoidodon; the head has narrow 
surface for the magnum and strong process which abuts against the unciform. The distal 
side this process and the ulnar side the shaft are excavated for the head me. IV, 
about the same diameters me. III. 


GIRDLE AND 


One the partial skeletons the Princeton collection (No. 10,770) has finely 
preserved innominatum, which lacks only the symphysis. Like the other parts the 
skeleton, this bone differs from that Merycoidodon only size and minor details. 
Comparing with the pelvis gracilis, the ilium seen relatively somewhat 
longer and the ischium somewhat shorter than that species. The neck the ilium 
more slender and elongate and the anterior expansion broader and more everted, with 
more decidedly concave acetabular border; the pectineal tubercle obsolete. The ace- 
tabulum, which gracilis nearly circular, Leptauchenia oval, with long 
axis antero-posterior, and more deeply invaded the for the round ligament. 
The dorsal border the ischium much more prominent and arched crest, but the hinder 
part that element narrower dorso-ventrally and the tuberosity smaller. 

The femur comparatively short and stout, almost the same length the humerus 
and tibia. Among the various individuals which are referable decora, are two types 
thigh-bone which, though nearly the same length (70 and mm.), yet differ much 
appearance that seems unlikely that they could belong the same species. The 
shorter one (P.U. No. 10,770) stouter and has larger head set more constricted 
neck; the second trochanter has more elevated position, nearer the head, and the 
rotular trochlea much wider. Compared with the femur gracilis, that decora 
shows much similarity, but there are some differences. The proximal end broader 
because the longer neck; the great trochanter lower and less prominent and the second 
trochanter decidedly more prominent. The head relatively larger and the pit for the 
round ligament more posterior and concealed from sight front view. The shaft 
straight, somewhat compressed antero-posteriorly and nearly uniform diameter except 
near the extremities; the rotular groove broader and shallower and almost symmetrical 
and there suprapatellar fossa; the widely separated condyles are nearly equal. 

The patella differs considerably from that gracilis; more regular and 
almond-like shape, more elongate proximo-distally, narrower transversely and thinner 
antero-posteriorly, less rugose and more pointed the distal end. The articular surface 
for the femoral trochlea very faintly divided into two parts. 

The tibia, except size, closely similar that gracilis; that species, 
comparatively short and about equal length the humerus and femur. the 
proximal end, the facets for the femoral condyles are much more widely separated, 
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correspondence with the wider intercondylar space the femur. The rugosity for the 
insertion the patellar ligament, the crest, the shape, proportions and curvature 
the shaft, are all very much gracilis, but the distal end differs the shallower 
grooves for the astragalus, the shorter and wider dorsal tongue the intercondylar ridge; 
the internal malleolus, the other hand, equally elongate. 

The fibula separate and complete, but considerably reduced; the very slender shaft 
irregularly trihedral shape; the proximal end narrow, but thick antero-posteriorly. 
The distal end relatively heavy malleolus, which the principal diameter the dorso- 
plantar one. 

The Pes almost copy that Merycoidodon very much smaller scale. The 
astragalus relatively broader and the proximal trochlea less symmetrical, because 
the shallower groove and the smaller size the inner condyle. the distal end the 
surface for the navicular much wider than that for the cuboid. 

The little has slender tuber, the dorsal and plantar borders which are 
parallel; the proximal end thick and club-like, with conspicuous groove for the Achilles 
tendon. The fibular facet prominent, but very narrow, and the sustentaculum re- 
markably small, projecting hardly all beyond the tibial face the tuber. This real 
difference from Merycoidodon, which the sustentaculum decidedly more prominent. 

Cuboid and navicular are like those Merycoidodon require particular 
description, except note the long plantar hook the navicular. The cuneiforms are 
not preserved any the specimens, but there reason doubt that, Mery- 
coidodon, the ecto- and meso-cuneiforms were co-ossified. 

The Metatarsus hardly larger than that Rabbit and, every known member 
this superfamily, consists four members, which are shaped and proportioned 
Merycoidodon, though the laterals (mt. and are rather more slender and elongate. 
Phalanges, including the unguals, are very slender, but, otherwise, like those the 
last-named genus need description. 

Species: Leidy described three species Leptauchenia, distinguished chiefly differ- 
ences size, but there are other characteristics which appear diagnostic. major 
much the largest the three and nitida the smallest and hardly more than half the 
size major. Both these species are rare and known only from Leidy’s 
decora intermediate size between the other species and subject great variation, 
but this may due the very much larger number individuals which have been col- 
lected. The type-specimens all the species were found the same area, considerably 
south White River, near Eagle Nest Butte and White Earth Creek and another 
White River tributary and, far, major and nitida have been found only that 
area. decora, the other hand, occurs typically the upper Brulé, part which 
has given its name, and there not infrequent. stratigraphic question involved 
here, which requires further investigation. The White River beds have gentle south- 
easterly dip, which brings the upper Brulé down water-level the south bank White 
River; still farther south the surface must formed beds even higher level and 
therefore major and nitida, which have never been found the Big Bad Land area, 
are very probably later time and belong level not represented that area, but 
accurate measurements have not yet been made. 


Most Leidy’s comparative table the skull-dimensions his three species 
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repeated below, converting lines into millimetres the ratio line mm.; the result 


not exact, but the error amounts only mm. inches, the accuracy sufficiently 
close for all practical purposes. 


(after Leidy) 


major decora nitida 

mm. mm. mm. 
Upper cheek-tooth series, length.............. 66.6 45.8 35.4 
Skull, est. length from inion prmx........... 143.7 100 87.5 
Skull, est. breadth postorb. 62.5 
Forehead, breadth between orb................ 47.8 39.6 
Forehead, length med. 43.75 29.2 27.1 
56.25 45.8 31.25 


Leptauchenia decora Leidy 


decora Leidy: Proc. Acad. Nat. Sci. Philad., Vol. VIII, 88, 1856. 

This species the genotype and is, far, the commonest the three species named 
Leidy. size intermediate between major and nitida, but with wide range 
variation this respect. While none the available specimens approximate major, 
there are some that, judged from size alone, would referred nitida, but they not 
display the structural characteristics that species, shown Leidy’s plate. 

Leidy’s description decora, his final work the genus, here repeated: 
Leptauchenia decora was rather smaller than Oreodon gracilis, the skull has rather 
more compact form than that the latter, being proportionately broader, shorter, and 
independently the mandible, lower. 

cranium like that Leptauchenia major, but appears have been propor- 
tionately deeper and less wide. The face appears have been proportionately shorter 
and broader and its fore part appears have been remarkably shortened. 

forehead like that major. The vacuities the face did not extend 
deeply into the frontals the latter and the prolongation the forehead separating 
them was proportionately much shorter. The ant-orbital processes articulating with the 

infraorbital arch formed the malar remarkable robustness. 
projects more outwardly and more than half deep again than the larger Oreodon 
gracilis.” (Leidy, Op. 127.) 

the subjoined table comparative skull-measurements, all the specimens, except 
No. 622, are the Princeton University Museum, and 622 the American Museum 
Natural History. 

The dimensions the skeleton are taken from several more less complete individuals, 
chiefly from Nos. 10,765 and 10,770. The former comprises two skeletons almost exactly 
the same size and therefore indistinguishable, and with only one skull, which were found 
together. For example, three tibias, impossible say which two belonged the 
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Upper dentition, length 
Upper canine, ant.-post. 


Upper cheek-tooth series, length........... 


Upper premolar series, length............. 
Upper molar series, length................ 
P2, antero-posterior diameter............. 
P3, antero-posterior diameter............. 
P4, antero-posterior diameter............. 


Skull, length crest inion prmx............. 


Skull, length cranium.................. 
Occiput, width base................... 
Skull, width postorb. constr............ 
Skull, width over zygomata............... 
Jugal, suborbital depth................... 
Rostrum, width infra. orb. for.......... 
Rostrum, width canines................ 
Mandible, length angle 
Mandible, length symphysis............ 
Mandible, breadth asc. ramus, ang. 
Mandible, height condyle.............. 
Mandible, height coronoid............. 


MEASUREMENTS 


No. 10,755 No. 11,045 10,770 No. 10,765 No. 622 


mm. 
5.5 
117 101 est. 
103 


same animal. These three individuals supply information concerning almost all the bony 


structure except few vertebrae and ribs, the sternum and the fore foot. 


These specimens 


are supplemented fourth individual (No. 10,753), which consists skull, the presacral 


vertebrae position and most the fore limb bones. 


Unfortunately, this otherwise fine 


fossil has suffered much damage from weathering and most the neural spines and other 
vertebral processes have been lost. The worst injury the junction the dorsal and 


lumbar regions, where difficult 


Axis, length centrum............... 
Axis, length centrum.............. 
Axis, ant.-post. neur. spine........... 
Third Cervical, length................ 
Third Cervical, width ant. face...... 
Sixth Cervical, length................ 
Sixth Cervical, width ant. face........ 


Sixth Cervical, width over trans. proc... 


count the vertebrae with certainty. 


MEASUREMENTS 


mm. First Dorsal, width over trans. proc..... 
Sixth Dorsal, height spine.......... 
Eighth Dorsal, height spine......... 
First Lumbar, width ant. face......... 
First Lumbar, width over trans. 
First Lumbar, breadth 
Fourth Lumbar, length............... 
Fourth Lumbar, width ant. face....... 
Fourth Lumbar, width spine........ 
Fifth Lumbar, length................. 


mm. 


mm. 
13.5 
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Fifth Lumbar, width transv. 5.5 
Sixth Lumbar, width over trans. proc... 


Metacarpal II, length...............* 
Metacarpal II, prox. width........... 
innominatum, 
Ilium, width anter. 
Acetabulum, ant.-post. diam.......... 

* 


Acetabulum, transverse diam.........* 10.5 
Femur, length fr. head................ 
Femur, length fr. head............... 
Femur, middle width shaft.......... 
Femur, middle width shaft......... 
Sixth Lumbar, width tr. tip.. 
Sixth Lumbar, width spine.......... 5.5 
First Sacral, width over pleurap........ 
Fifth Sacral, width over tr. 
Fifth Sacral, width post. face.......... 
First Rib, length neck.............. 
Seventh Rib, length................. 


Seventh Rib, length neck........... 
Seventh Rib, max. width............. 
Scapula, width neck............... 
Scapula, width glen. cav............ 
Humerus, length fr. head............. 
15.5 
Ulna, length olecranon............. 
Ulna, width hum. facet............. 
Fibula, prox. thickness............... 
Fibula, dist. thickness........ 6.5 
Astragalus, prox. width............... 8.5 
Calcaneum, width over 
Third metatarsal, length.............. 
Third metatarsal, prox. width......... 
Digit IV, phalanx length...... 


Digit phalanx length 


N.B. Unless otherwise indicated, the dimensions are those No. 10,765. 


No. 10,770. 
No. 10,753. 
No. 10,773. 


Horizon: Upper 


705 


Localities: Type specimen, Eagle Nest Butte; referred specimens, Big Bad Lands, 


So. Dak. 


Leptauchenia major Leidy 
Leptauchenia major Leidy: Proc. Acad. Nat. Philad., Vol. VIII, 163, 1856. 


the three species which Leidy assigns Leptauchenia, major very much the 
largest, with skull-length intermediate between Merycoidodon culbertsonii and gracilis. 
Leidy was much struck the resemblance this species Merychyus elegans, the 
Miocene, and says it: ‘‘The resemblance appeared great, that could not avoid the 
suspicion that the discovery additional material might prove them the same, 
though think hardly probable that the differences which have been indicated 
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generic value can due only individual say nothing the great 
difference stratigraphical level. 

Leidy’s description the skull this species essentially the same that already 
given for the genus (p. 693), but also enumerates certain specific characters. com- 
pared with decora, the facial vacuities invade the frontals more deeply and the anterior 
processes these bones, which articulate with the nasals are relatively much longer, while 
the antorbital processes, articulating with the lachrymals, are narrower. 

characteristic feature the species the shape the chin, which has concave 
profile, due the forward projection the incisive alveoli; the other species the chin- 
profile straight. 

Measurements major are the comparative table 703. 


Horizon: Upper Brulé. 
Locality: Eagle Nest Butte and White Earth Creek, So. Dak. 


Leptauchenia nitida Leidy 
Leptauchenia nitida Leidy: Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 127, 1869. 


Leidy’s original description may repeated here. third species Leptauchenia, 
smaller than the others, founded mutilated skull.”’ 

skull about the size that the Musk Deer and nearly resembles 
that major its form and proportions. 

cranium nearly resembles that the last-named species, but apparently 
proportionately less depressed. The forehead proportionately large, but less 
prominent the middle and more elevated the supra-orbital margins. 

vacuities the face not encroach upon much major and decora 
and appear not have extended quite far back line with the antorbital margins. 
Comparatively they but slightly notch the frontals and the prolongation these articu- 
late with the nasals 

face advance the orbits appears proportionately much narrower 
than decora. was quite narrow that the Musk (Op. cit., 129.) 

the type-specimen nitida there are two characteristic features which have not 
been observed that major, any the numerous skulls decora. These 
characters are not mentioned Leidy, but they may, nevertheless, prove 
when larger suite well-preserved skulls shall have been obtained. The features 
question are the form the sagittal crest and the peculiarities the orbit. (1) 


decora and, apparently also, major, the temporal ridges diverge very gradually 


the sagittal crest and enclose between them narrow sagittal area. nitida the single 
crest more prolonged and there sagittal area, the temporal ridges curving out 
abruptly from the anterior end the crest. (2) The orbits have such slanting position 
that their whole diameter visible the top view; their ventral boundaries, formed 
the jugals, are flared outward, converting the orbits into very short tubes. known 
skull, other than the types nitida, exhibits this characteristic. Finally, Leidy 
notes, the supraorbital borders are more raised above the level the forehead than 
the other species, indicative more elevated eyes. 


Leidy, J., Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 124. 
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addition the comparative table 703, the following are taken from Leidy. 


MEASUREMENTS 
Upper molar series, length........... 19.8 mm. ant.-post. 7.25 mm. 


Horizon: Uppermost Brulé. 
Locality: Near Eagle Nest Butte, So. Dak. 


LEPTAUCHENIA 


Cope was, think, the first suggest that the members this tribe had amphibious 
modes life. wrote especially concerning Cyclopidius, lower Miocene descendant 
Leptauchenia, but his statements apply equally well the latter. 

concavity the superior border the premaxillary bones, together with their 
upward production, leads suspect that the external nares were superior position. 
This the indication aquatic habit life, such led the hippopotamus. Like 
that animal, the nostrils Cyclopidius were probably valvular prevent the ingress 
the water. The animals probably passed much their time the water, and the nostrils 
could brought the surface for the purpose respiration, while the remainder the 
head and body remained concealed. The prominent rim the auditory meatus suggests 
similar valvular closure the organ hearing and also provision for its easy approxi- 
mation the surface the water when necessary.”’ 

This view has been very generally accepted palaeontologists, even 
whom the supposed habits offered difficulty the way his hypothesis 
concerning the aeolian origin the White River formation. 

Sinclair was evidently sceptical, but said more than that the theory aquatic 
habits Leptauchenia found confirmation the structure the feet, the slender digits, 
terminated tiny hoofs, being well adapted for running firm ground. 

The fullest discussion this problem that given Thorpe several passages 
his monograph the merycoidodont writers, including the present one, 
have thought that certain characters indicated amphibious mode life 
for some the oreodont genera. present not all inclined this view. The 
elevated auditory meatus and the highly placed orbits were considered aquatic 
adaptations, but, with the exception the hippopotamus, they are not found truly 
amphibious animals, such the tapir, while they are found the suids, which are not 
amphibious. Very heavy massive bones and widespreading toes are also characteristic 
amphibious animals and there suggestion these the oreodonts. The orbits and 
the auditory meatus are not actually more elevated, but the skulls are depressed and 
flatter, and those structures have nearly the same relative positions respect the jaws 
all the genera. The same conditions prevail the more primitive ruminants. 
Coupled with these factors the lack their remains river deposits and this 
combination apparently casts grave doubt the inference that any the oreodonts were 
amphibious. Cyclopidius, Leptauchenia, and perhaps Merycochoerus are almost 

Cope, D., Proc. Amer. Philos. Soc., Vol. 547. 


Matthew, D., Amer. Naturalist, Vol. 404. 
Sinclair, J., Amer. Philos. Soc., Vol. XLIX, 198. 
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the only controversial genera, and the structure their skeletons, excluding the skulls for 
the sake argument, shows indication any amphibious adaptation. analogy 
with the recent mammals, the size and direction the auditory meatus are correlated 
with the size and shape the external 


Fig. 135.—Leptauchenia decora: Restoration submerged animal, swimming. 


cannot conceive this genus being water-living animal 


more than was Cyclopidius. 

Thorpe also quotes with approval Sinclair’s statement that Leptauchenia the feet 
were well adapted running firm ground. another passage writes: ‘‘Cope 
considered these animals good swimmers, spending much the time the water 
and only coming shore for feeding and sleeping. believe, the contrary, judging 
from the known skeletal material, that they spent most their time land, but that 
they probably did swim take the water occasionally, perhaps method preserva- 
tion, since they were poorly provided with adequate means defense against enemies.”’ 

have read and re-read this discussion with increasing bewilderment, for most 
seems entirely irrelevant. this tribe the skull not only unique the 
merycoidodont family, but unique among known mammals. The problem 
explain, terms habit, this highly exceptional skull. The structural adaptations the 
hippopotamus skull amphibious mode life are not repeated carnivores 
rodents and are, therefore, not essential that mode life, but that reason for 
denying their significance, when they occur. The relation the jaws the top 
the skull has bearing this problem, the relation the skull-top the surface 
the water that important. has often been pointed out, hippopotamus can float, 
with only ears, eyes and nostrils above the water and the same relation recurs Leptau- 


R., Mem. Peabody Mus., Yale Univ., Vol. III, Pt. pp. 24-5. 
Op. cit., 235. 
Thorpe, R., op. cit., 242. 
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chenia, though not quite perfectly, for the orbits not project far above the level 
the forehead and nothing known the position the nostrils. Cope’s interpreta- 
tion may right, but there way proving it. 

mistake say that the swine the auditory meatus raised high 
for the latter opens level with the sagittal crest and, course, 
the swine lack the elevated orbits. Not even hippopotamuses does the auditory meatus 
have comparable position. for similar reasons that Metamynodon regarded 
amphibious rhinoceros, determination which has been accepted palaeontologists with 
practical unanimity. 

quite fail understand the contention Sinclair, accepted Thorpe, that the 
feet this genus were well adapted for running firm ground.”’ terrestrial ungulate 
has such tiny hoofs, which are more claw-like than hoof-like shape, and they are entirely 
different from those others the family. The manus Cyclopidius, figured 
Loomis,! actually suggestive webbed feet; for terrestrial locomotion would appear 
well-nigh useless. 

Dr. Thorpe lays stress upon the fact that remains Leptauchenia are lacking 
that, doubt, meaning the sandstones the Protoceras Channels, 
and overlooking the fact that the clays, which such remains are frequent, are also 
fluviatile origin. Their absence from the coarse-grained, gravelly sandstones the channels 
not surprising, for these beds have yielded small mammals, but only those larger 
and medium size, the bones which were sufficiently sturdy resist the abrasion the 
rolling sands and gravels. The channels the lower Brulé frequently contain bones 
the aquatic rhinoceros, that they have been called Metamynodon but 
the upper sandstones the fauna, far known, almost exclusively terrestrial; Protoceras, 
Mesohippus, and the land-rhinoceroses, and Subhyracodon, are the abundant 
forms. The bothriodont, was possibly aquatic habits, suggested the 
tubular prolongation the posterior nares, but this very uncertain. 

the close his argument, Dr. Thorpe makes admirable and illuminating sug- 
gestion, which practically nullifies the rest it. Pointing out that these animals were 
utterly defenseless, having neither horns, nor biting teeth and, may added, indica- 
tion running, concludes that they occasionally took the water 
means concealment. This conclusion can accept, changing only ‘‘occasionally”’ 
and, thus, the difference our views reduced minimum. 


the lower White River Montana, which appears somewhat older than the 
typical Chadron the Great Plains, Douglass collected and described four genera 
merycoidodonts, all them small animals which have not been found elsewhere. Two 
these, Oreonetes and Limnenetes, are represented fairly well preserved skulls and 
may, with some degree probability, assigned the Merycoidodon and Leptauchenia 
phyla respectively. the other two, Bathygenys and Trigenicus, the type and only 
known specimens are fragmentary, that impracticable refer them any the 
tribes. Indeed, Thorpe omits the latter from consideration his great monograph the 
family, presumably indeterminate. 


Loomis, B., Amer. Journ. Sci., 5th Ser., Vol. pp. 241-249. 
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GENERA INCERTAE SEDIS 


Although the genera here included are such very unsatisfactory state, they cannot 
altogether omitted from monographic account the White River fauna, especially 
they were both accepted Matthew.! There can little question that both are 
properly included the Merycoidodontidae. 


Trigenicus Douglass 
Trigenicus Douglass: Ann. Carnegie Mus., Vol. II, 162, 1903. 


Only the original description can reproduced, nothing significance has since 
been added. 

The skull laterally crushed the muzzle. does not exactly correspond with 
anything that has been described, though bears resemblance several the Uinta and 
White River selenodonts. looks though might descendant Leptoreodon. 

dental formula Cl, P4, M3. All are large and strong, except P1, which 
small, but two-rooted. separated from ‘‘the canine and diastemata. 
little nearer than the canine. The canine is, far preserved, the usual 
Oreodont pattern, but more compressed laterally compressed subconical 
cusp. The crown from the outside has slight hint the trifid appearance the same 
view and P3, that there are rudiments anterior and posterior cusps lobes. 
large and has three outer lobes. widest back the middle. little 
longer and more triangular account the larger posterior inner lobe. the 
usual pattern ruminants. Premolars and are nearly equal length. Only portions 
the molars are preserved, but the teeth are large. The teeth back show much wear. 

infraorbital foramen opens above the anterior half [Douglass’ figure 
places over the posterior half p2]. far can ascertain from the crushed condition 
this region there were neither prelachymal pits 


Trigenicus socialis Douglass 


Trigenicus socialis Douglass: Ann. Carnegie Mus., Vol. II, 162, 1900. 
The author gives description other than the dimensions. 


MEASUREMENTS 


Horizon: Chadron. 
Locality: Thompson Creek, near Three Forks, Mont. 


Matthew, D., Bull. Geol. Survey, No. CCCLXI, 104. 
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Trigenicus mammifer (Cope) 


mammifer Cope: Ann. Rep’t Geol. and Nat. Hist. Surv. Canada, Vol. 

end. article 84, 1886. 

Trigenicus mammifer Matthew: Bull. Geol. Surv., No. CCCLXI, 104, 1909. 

Dr. Matthew was satisfied that this species could not referred Leptomeryx and 
thought that might belong Trigenicus. material question fragmentary 
that definitive determination possible. 

Horizon: Chadron. 

Locality: Swift Current Creek, Saskatchewan. 


Bathygenys Douglass 


(Plate 
Bathygenys Douglass: Trans. Amer. Philos. 2nd Ser., Vol. 256, 1901. 


Director Avinoff, the Carnegie Museum has had the kindness send Douglass’ 
type-specimens this genus; they are scanty and incomplete that little can said 
them other than confirm the author’s assignment them the merycoidodont family. 
Genus and species were established upon two fragments mandibles, which did not 
belong the same individual, perhaps, not the same species. The origina! description is, 
part, follows: 

specimens are (48) the anterior part right ramus mandible, with part 
the alveolus the canine, the root the alveolus and the last two premolars 
complete and (66) part right ramus with the last three premolars and the first molar. 

are four ways which differs from Merycochoerus (?). only fraction 
the size; has, like some species Leptauchenia, two mental foramina; the premolar 
teeth are not crowded, and the teeth are not high. The premolar series was probably 
long the molar series. 

the form the chin and symphysis, the depth the jaw, the narrowness the 
space between the rami back the symphysis, the smallness the canine, the lenticular 
section the forms all the teeth preserved, their narrowness proportion their 
length, are all like Merycochoerus (?). may that these two fragments belong 
different species, save confusion, will describe them separately. 

48.—The anterior upper tip the ramus broken off. This shows 
anteriorly transversely narrow broken surface, nearly the middle which the canine 
alveolus, but hint incisors. very doubtful there was the full number. 
there was they must have been exceedingly small placed anteriorly the canine. The 
anterior surface the chin far shown steep and straight along the symphyseal 
suture. convex transversely. The anterior mental foramen beneath the posterior 
part P3, the posterior one little behind the middle P4. They are little above the 
longitudinal middle line the ramus. The anterior the larger. The symphyseal suture 
broadest below and narrows upward Merycochoerus (?). The posterior [end] 
the symphysis under the anterior part P4. 

canine was evidently much smaller than PI. lenticular section with 
nearly equal sides and rounded angles, the longest diameter being obliquely fore-and-aft 
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and directed posteriorly outward and anteriorly inward, Merycochoerus had 
two roots near together. has proportionally large paraconid, which, the tooth 
viewed from the outside seen separated above distinct notch from the proto- 
conid. The deuteroconid only represented narrow ridge passing part way down 
the tooth inward and backward from the apex the protoconid. The metaconid much 
better developed and represented posterior tubercle, connected narrow ridge 
with the apex the protoconid. 

the paraconid thicker and higher than P3, and inflected inward. The 
other four elements, the protoconid, metaconid, deuteroconid, tetartoconid—are all well- 
developed and surround quadrangular cup-shaped depression. This true also 
Oreodon and Eucrotaphus and the form the tooth differs very little from these. this 
particular tooth however, the posterior depression would, farther wear, make islet, 
not enamel loop. shallow and would entirely disappear there should much 
wear. The great difference between this tooth and the corresponding ones the above- 
named genera the narrowness the tooth compared with its length. also 
differs this respect and they are therefore more like Merycochoerus (?). differs 
from that Oreodon culbertsoni the simplicity the inner ridges—rudimentary deutero- 
conid—in this respect being much like the specimen have examined 
also differs having the paraconid partly separated from the protoconid. Again these 
slight variations the differences are the direction Merycochoerus (?). the type 
altiramis, which have described from the Loup Fork Montana, the teeth are little 
worn and give excellent opportunity for comparison. The present species shows almost 
advance this pattern. The paraconid the last two premolars little thicker 
and this element distinguishable P2, which has just begun develop the posterior 
elements. The teeth have all increased height. 

No. 66. this specimen the mental foramina are farther apart. The 
anterior one under the anterior part and the posterior one under the anterior P4. 
There thickening the ramus, outer convexity between these two foramina—not 
seen No. 48. 

shorter than and the roots are not close together the other specimen. 
about the same. has the metaconid and tetartoconid much lower and they are 
not united the posterior inner angle the tooth, that after considerable wear, there 
would still opening the inner basin Oreodon and Merycochoerus. and 
are broader than No. 48. 

shorter than P4. The posterior pair crescents wider than the anterior 
pair. The outer crescents are short 


Bathygenys alpha Douglass 
Bathygenys alpha Douglass: Trans. Amer. Philos. Soc., 2nd Ser., Vol. 258, 1901. 


The author selected No. the foregoing account the type-specimen this 
species, which gives specific description other than the dimensions; the measure- 
ments have been remade from the originals. 
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MEASUREMENTS 
No. No. 

Greatest width symphyseal suture................ 
Distance between mental foramina.................. mm. 
Thickness ramus behind symphysis............... 
MI, transverse diameter 3.5 


Horizon: Chadron (Pipestone Beds). 
Locality: Pipestone Creek, Mont. 


Family AGRIOCHOERIDAE Leidy 


Agriochoeridae Leidy: Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 


This family shares, with the Merycoidodontidae, the Hypertragulidae and Proto- 
ceratidae, the remarkable peculiarity the caniniform first lower premolar, but differs 
from the family first named number particulars: (1) The suppression the upper 
incisors; (2) the diastema between tusks and premolars; (3) the bothriodont-like molars; 
(4) the absence lachrymal pit; (5) the incompletely closed orbit; (6) the much heavier 
and more skeleton; (7) the far longer and thicker tail; (8) the conversion 
the hoofs into claws. The agriochoerids are much shorter-lived and incomparably 
less diversified family than the merycoidododonts, ranging only from the Uinta the 
John Day, and comprising but single genus or, possibly, two genera the 
White River. 

The history the discovery these grotesque animals offers curiously exact parallel 
that the clawed perissodactyls, which Cope proposed call the Ancylopoda. The 
dissociated limbs, feet and skull had been referred two different orders mammals, 
skull and teeth the Perissodactyla, feet the Edentata. Both Europe and this 
country exactly the same mistake was made, for, advance experience, one could 
have imagined that mammal with such skull and teeth might possess such incongruous 
feet, which seemed defy all Cuvier’s laws correlation. 

1850 Leidy described the skull and teeth Agriochoerus, referring the genus 
what now the Artiodactyla. 1891, gave description fragmentary fore 
leg and foot, which supposed belong carnivore and referred it, with question, 
Bridger creodont genus, calling dakotensis. 1893 Osborn and Wortman 
published account extraordinary hind foot, found isolated the upper Brulé 
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substage, which united the tarsus artiodactyl with the claws predaceous animal; 
they made for new suborder the Ancylopoda. 1894 Hatcher collected skeleton 
which, though fragmentary, amply sufficed show that the disjecta membra which had 
been referred three different mammalian orders all belonged the same family, not 
the same genus. 

similar tale might unfolded concerning the South American clawed ungulates, 
the Entelonychia, suborder the toxodonts, showing that the inexplicable transformation 
hoofs into claws took place independently three times many different orders 
mammals. 


Agriochoerus Leidy 


(Plates LXXVI-LXXVIII) 
Eucrotaphus Leidy (nom. nud.): Acad. Nat. Sci. Philad., 1850, 121. 
Agriochoerus Leidy: Ibid. 
Agriomeryx Marsh: Amer. Journ. 3rd Ser., Vol. XLVIII, 270, 1894. 
Osborn and Wortman: Bull. A.M.N.H., Vol. 1893. 


Cope’s terms, Coloreodon and Merycopater, are omitted from the synonomy, because 
they include only John Day species, though clearly referable Agriochoerus. The name 
Artionyx Osborn and Wortman included, but with some doubt, for although un- 
questionably belongs this family, may possibly referable different genus. 
Eucrotaphus has been stumbling block almost ever since was first proposed, for was 
founded upon crania, not associated with teeth, and distinguished from Oreodon the 
large auditory bullae. Subsequently, Leidy referred it, although with some doubt, 
Agriochoerus, remarking: mutilated cranial portions skulls, originally referred 
genus under the name which two species were distinguished under 
taphus more probably referable the ‘‘Oreodon”’ bullatus Leidy, the Eporeodon 
Marsh. view this confusion, the most logical course would seem that followed 
dropping the name Eucrotaphus altogether indeterminable. 

Fossils Agriochoerus are found all three substages the White River beds and 
this genus the only member its family yet observed with certainty either the White 
River the John Day. There is, however, possibility that gaudryi, from the 
Protoceras channels, may, fuller information, turn out second genus the same 
the group far less abundantly represented the White River than Merycoidodon. 

Material for full description the teeth and bony structure Agriochoerus has 
been obtained and complete skeletons are mounted the American Museum and Princeton 
University, well many skulls, vertebrae and bones the limbs and feet. 


DENTITION 


The dental formula is: Upper Teeth. The incisors are usually 


lacking, though alveoli, and even vestigial teeth, are found the greatly 
reduced premaxillae. far function concerned, the upper incisors were completely 


Leidy, J., Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 134. 
Thorpe, R., the Merycoidodontidae, 62. 
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suppressed. The canine resembles that Merycoidodon shape and size and, that 
genus, has its posterior face worn the abrasion the first lower premolar. 

The grinding teeth are continuous series, but separated from the canine 
considerable diastema, one the most obvious differences from Merycoidodon, which 
there just sufficient space receive the lower tusk. There is, further, marked difference 
between the two genera the character the premolars, which are more complex 
Agriochoerus and, this respect, the genus extremely exceptional among artiodactyls. 
Though two-rooted, very small and sometimes absent; can have been little use; 
the crown compressed conical shape, with sharp apex and trenchant edges; buccal 
and lingual faces are convex and the latter without complications other than faintly 
marked cingulum. Merycoidodon this tooth notably larger than Agriochoerus. 

The succeeding premolars increase gradually size from p4; very much 
larger than but similar shape and, some individuals least, implanted 
three roots; the crown has low internal cingulum, but distinct deuterocone; the 
face slightly convex, the lingual face strongly so. Merycoidodon, the tooth broader 
and has two large enamel pockets, anterior and posterior, the inner side. Externally, 
the form Agriochoerus like that p2, but has very prominent cingulum 
the posterior side the lingual face, enclosing enamel pocket; the cingulum divided 
notch. Merycoidodon, much broader than and broader than Agrio- 
choerus; the postero-internal pocket large that can almost called crescent, and 
there much smaller antero-internal one. 

(in Agriochoerus) incompletely molariform degree which varies different 
individuals, but approximates the molar pattern way that highly exceptional among 
artiodactyls. There are two well-formed external crescents, though the posterior one 
(tritocone) smaller than the anterior (protocone), with which contact, not separated 
the transverse valley, the molars; the anterior and median styles are 
more than incipient stage. Internally, there large anterior crescent (deuterocone) 
and much smaller posterior one (tetartocone), which subject much variation 
size, but not yet clear, whether the difference individual specific. P4, thus, 
consists two pairs crescents, like molar, but made asymmetrical the smaller 
size the posterior pair. 

the molars, Leidy wrote: ‘‘The upper true molars are remarkable for the wide 
spreading character their crowns. They bear striking resemblance those the 
extinct Hyopotamus form and proportions, except that they not possess the odd 
fifth lobe situated between the anterior pair usual lobes. comparison with those 
Oreodon they are proportionally less depth and greater breadth. The constituent lobes 
have nearly the same form and relative proportions, but are lower, more expanded and 
separated wider and shallower interspaces. Their external buttresses are the robust, 
hemispherical character those Hyopotamus and are not laterally compressed 
descending from the base 

The difference shape the crescentic lobes the upper molars between those 
Agriochoerus and those Merycoidodon greater than Leidy’s description would seem 
imply, though not easy express that difference words. the former genus the 
external crescents are more concave and narrow more gradually downward their apices; 


Leidy, J., Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 133. 
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the mesostyle invaded the transverse valley, which separates the outer crescents from 
each other; the posterior horn the antero-internal crescent truncated the adjacent 
horn the hinder crescent. Merycoidodon the molars resemble those the brachyodont 
ruminants, such deer and the Oligocene camels, and the inner crescents are more complete. 
one would suggest that Agriochoerus the molars were deer-like. 

Lower Teeth: the mandible, the incisors are seldom preserved; when found, they 
are seen different from those Merycoidodon being slender and styliform and 
nearly equal size. canine has acquired the shape and function incisor, 
the merycoidodonts, the hypertragulids, the Pecora and the gazelle-like camels (Stenomylus), 
but relatively much smaller than Merycoidodon, which Leidy says: ‘‘the inferior 
lateral incisor twice the size the others and, the other ruminants, regarded 

The first premolar has become caniniform and must have been effective tusk; 
behind the upper canine, which has abraded its anterior face and kept acutely 
pointed; inserted obliquely the jaw, incline steeply forward and separated 
from diastema which about half long that between the canine and 
the upper jaw. rather small, compressed, sharp-pointed and trenchant; the buccal 
face convex and, the lingual side, there shallow anterior valley. Externally, 
like p2, but larger and inserted obliquely the long axis the mandible, that 
overlaps behind and overlapped front. This tooth has the sharp-pointed 
apex, trenchant edges and antero-internal valley p2, but displays additional feature 
the postero-internal crest, which parallels the external edge and encloses with narrow 
enamel pocket; there sign this pocket almost completely molariform, 
with two pairs crescents, but there slight difference from the molars that the 
anterior horn the antero-external crescent more prolonged and extends the inner 
side the crown. 

Leidy describes the lower molars follows: ‘‘The lower true molars nearly resemble 
those Oreodon, form and proportions, but their constituent lobes are rather smaller, 
more contracted toward the summit and their interspaces are wider more excavated 
appearance. The inner sides the crowns resemble those Oreodon the Deer, 
except that the lobes are less oblique and not overlap one another where contiguous. 
The posterior lobe also provided with recurved buttress-like process contiguous 
that the anterior this description little need added; the most obvious 
difference from the lower molars Merycoidodon the wider separation the internal 
from the external crescents. The external cusps are truly crescentic, but the inner ones 
are conical and have minute tubercle the posterior slope; the talon large and 
rises high the crescents. size, the molars increase posteriorly and, even without 
its talon, larger than 

Milk-Dentition: The milk-teeth are not common fossils and complete series 
them has been found. the American Museum there juvenile skull (No. 1356) 
which has and place and formed but not erupted; apparently, all the milk- 
premolars are retained, while fragment the lower jaw are and and 
The first upper cheek-tooth would seem not have been changed; all events, this tooth 

Leidy, J., Op. cit., 85. 

Leidy, J., Op. cit., 133. 
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remains the same, whether belonging the first the second dentition. Dp2 much 
larger, especially the antero-posterior dimension, and complicated internal 
ridge the posterior half the crown, which parallel the outer wall and encloses 
with narrow enamel pocket; this ridge not present the permanent p2. Dp3 
much like p4, having triangular crown, with two external and one internal crescents and 
inserted three roots. molariform, but smaller than ml. 

the mandible, the caniniform premolar not yet fully protruded and quite 
unworn; almost certainly, Merycoidodon, had predecessor. The crown dp2 
has been broken off and lost, leaving only the two roots, but these are sufficient show 
that the tooth was very small, its successor also. Dp3 much like its successor, 
but smaller and has less developed internal cingulum. Dp4 has the form characteristic 
artiodactyls generally and composed three pairs crescents. 


SKULL 

The skull Agriochoerus the same type and general appearance that Mery- 
but there are many minor differences; whole, the skull the former longer 
and lower, the face relatively shorter and shallower, spite the diastema between the 
canine and first premolar, and the cranium correspondingly longer, being especially 
extended behind the postglenoid processes, and the occipital are very long. The 
orbit incompletely closed behind and there antorbital glandular fossa, 
pit’’; the free ends the nasals project farther front the maxillaries. The angle 
the mandible much more extended posteriorly. the form and proportions the 
skull-elements, there are many additional differences, but none them are any great 
significance. The similarity type the skull-structure throughout all the members 
the superfamily very clear and strong. 

The short, the suture with the basisphenoid being behind the post- 
glenoid processes; its exposed surface narrowed the large tympanic bullae, which 
extend beneath it. The limits the various occipital elements are not well shown 
any the American Museum specimens, even the juvenile skulls, for those have suffered 
most from crushing and many sutures are obliterated, concealed cracks. The occiput 
resembles that Merycoidodon except for the much greater extension the wing-like 
projections the supraoccipital and the deeper concavity between them. The exoccipitals 
appear small, though the condyles are relatively much larger and more widely sepa- 
rated ventrally than Merycoidodon and the paroccipital processes, shown Leidy’s 
figure (Plate XIII, Fig. 1), are much longer and more curved than the latter; the curvature 
with the concave side forward. The supraoccipital very large and appears extend 
down the foramen magnum; the side the cranium, between squamosal and exoccipital, 
long and narrow fossa, which probably exposed strip the mastoid; all events, 
there such exposure Merycoidodon, but mastoid process either genus. 

the latter, the single compound parietal extremely long, which, Leidy noted, 
cameline character, but even narrower and forms less the brain-case, which 
less capacious than Merycoidodon and the sagittal crest much higher, with border 
arched from before backward. the temporal ridges diverge more gradually. 
from the sagittal crest than most skulls Merycoidodon and enclose larger sagittal 
area. The coronal suture very different the two genera; nearly 
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straight and directly transverse, except the narrow sagittal area, where the parietal 
emarginated, receive short, broad tongue made the two frontals; the suture 
almost coincides with the postorbital constriction. Agriochoerus the two forward ends 
the parietal diverge and receive between them narrow, pointed, triangular area the 
frontals; each half the parietal prolonged anteriorly and forms the temporal ridge 
half-way the orbit; the contrast between the two genera striking. 

The frontals differ correspondingly the two genera; Merycoidodon these bones 
end behind the transverse coronal suture, except for the short, median tongue, and the 
temporal ridges are confined them; the convex forehead indicates enlarged frontal 
sinuses; the two supraorbital foramina are very near the median line. Anteriorly, the two 
frontals are broadly and deeply emarginated, receive the nasals and send forward long, 
triangular nasal processes, which have long contact with the lachrymal and maxillary; 
the fronto-maxillary suture slopes steeply upward from the maxillo-lachrymal suture. 
Agriochoerus the frontals extend obliquely backward and downward almost contact 
with the squamosals; the forehead nearly plane and the sinuses are much less 
indicated; the supraorbital foramina are more widely separated. 

The most conspicuous differences from are seen the anterior 
end, where the frontals are more narrowly, but much more deeply excavated receive 
the nasals; there are nasal processes and the only contact with the maxillary the 
anterior one, the suture running transversely from the antero-superior angle the lachrymo- 
nasal suture. 

The nasals Agriochoerus are very unusual character and very different from those 
Merycoidodon; they are extraordinary length, reaching back far the middle 
the orbit and almost the supraorbital foramina. The posterior ends are abruptly 
truncated. Between the frontals the nasals are extremely narrow and widen forward very 
gradually, reaching their maximum breadth the margin the anterior nares, beyond 
which they project freely, are somewhat decurved and end blunted points. Mery- 
coidodon the nasals are much shorter and decidedly convex transversely; posteriorly, they 
end points, widening forward the end the nasal processes the frontals, front 
which they are nearly uniform breadth, except for the narrowing the freely pro- 
jecting anterior ends, which are simply pointed. 

The are greatly reduced, correlation with the loss the upper incisors; 
the horizontal ramus exceedingly small and projects but slightly front the canine; 
some specimens these bones are entirely edentulous, others there are alveoli and 
even vestigial incisors. The ascending ramus long and narrow and twisted, that 
its broader side presents forward, instead laterally, and hardly visible side-view, 
making the maxillary seem form the boundary the anterior nares; the process narrows 
upward, terminating point, which may, may not touch the nasal. The premaxil- 
laries have hardly any palatine processes, but the spines are well developed and demarcate 
the small incisive foramina. 

The mazillary very low beneath the orbit, which the alveolar process forms the 
floor, but this bone takes part the orbital boundary, which formed the jugal 
below, lachrymal anteriorly, frontal above and behind. advance the orbit, the 
maxillary high dorso-ventrally and forms most the face. Some the skulls have 
somewhat inflated appearance, which is, presumably, due enlarged antrum and may 
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sexual character. The canine sheath forms protuberance the side the jaw 
and seems the same both sexes; all events, particular difference this respect 
has been noted the various individuals. The palatine processes are broad front 
the molars, but, between the tooth-rows, they are reduced narrow slips alongside 
the alveolar processes the unusually large palatine bones. 

just noted, the palatines are very large and back from the middle line they 
form nearly all the bony palate and there are more than indications palatal notches. 
whole, the hard palate narrows forward more and transversely more concave than 
Merycoidodon. The posterior nares are situated farther forward than the latter, 
which the opening entirely behind the teeth, and different shape, contracting 
anteriorly point and placed between the two rows molars. 

The limits the pteryyoids are not clearly distinguishable any the available 
specimens. Nearly the whole presphenoid exposed view; broad posteriorly, 
narrowing forward; the hinder portion has broad lateral processes, not unlike the pleura- 
pophyses the sacrum, much smaller scale. The basisphenoid long and broad, 
apparently narrowed the tympanic bullae, which extend beneath it. These bullae, 
though relatively moderate size, are much larger than Merycoidodon; they are generally 
ovoid shape, but flattened the outer side; the meatus long and tubular and opens 
just behind the postglenoid process. 

Proportionally, the very large and forms nearly the whole side-wall 
the brain-case, the parietal being even narrower than Merycoidodon. The zygomatic 
process stout and elongate; its root, origin, broad shelf, which much more concave 
transversely and has much higher external border than the genus last named. The 
process tapers forward and overlaps the jugal considerable extent, ending against the 
short postorbital process the latter. The jugal long and heavy, laterally compressed, 
but broad dorso-ventrally the ventral side has wide masseteric surface, bounded externally 
angle, ridge, which does not extend over upon the maxillary. The postorbital 
process prominent, but does not reach the corresponding process the frontal, leaving 
the orbit open behind. The posterior side the suborbital process the jugal not 
notched receive the end the zygomatic process the squamosal, conspicuously 
Merycoidodon. The jugal forms the whole lower boundary the orbit and little 
the anterior; ventrally, rests upon the zygomatic process the maxillary, with which 
its suture extends obliquely upward. Posteriorly, the jugal prolonged beneath the 
process the squamosal the border the glenoid cavity. 

The lachrymal large, though relatively smaller than Merycoidodon, and lacks the 
glandular pit which characteristic feature the latter; the large foramen just 
within the rim the orbit and the spine vestigial, mere rugosity. 

The mandible much like that Merycoidodon type, but differs several details; 
the jaw longer, corresponding the greater length the skull, and rather more 
slender dorso-ventrally; the symphysis shorter and less steeply inclined. The angle 
produced decidedly more behind the plane the condyle, but less rugose and thickened. 
The coronoid process narrower and more slender and the sigmoid notch correspondingly 


wider. The masseteric fossa has similar shape and position, but somewhat shallower 
and not well defined. 


Nake 


720 TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 


VERTEBRAE, RIBS AND STERNUM 


The vertebral formula C7, D14, L6, 83, Cd26, making trunk-vertebrae; all 
the living Artiodactyla the trunk-vertebrae are number, but four White River genera, 
Agriochoerus, Merycoidodon, Leptomeryx and Poébrotherium, are known have 20, have 
also the Uinta genera, Protagriochoerus and Dichobunops. Very probably 
Hypertragulus and Hypisodus should added this list, but any assertion regard 
the vertebral formula those genera would premature. 

The neck rather short, about equalling the skull length, the trunk long and the 
tail remarkably heavy and elongate, long proportionately the Leopard. 

The atlas large both dimensions and relatively larger than Merycoidodon; 
the transverse processes are very prominent, extending back the middle the axis, 
with regularly curved free borders, which end blunt points. shape, this bone has 
much resemblance the atlas Paratylopus (see Fig. 130, 613), one the White River 
Camelidae. 

The azis has broad and heavy centrum which proportionately more massive than 
Merycoidodon and has the odontoid process which recurs many the White River 
ungulate families, broad, flat the dorsal side, convex the ventral and with rounded 
anterior border. The transverse processes are rod-like, short and slender; the neural spine 
remarkable and shape which differs entirely from that Merycoidodon and more 
like that large feline; immense plate, the dorsal free border which describes 
nearly semicircle. 

The succeeding cervical vertebrae are relatively larger and more massive than the 
genus last named; the third vertebra the neural spine low ridge and the spines 
increase height from the fourth the seventh, which has long, heavy spine, though 
shorter than the first dorsal; transverse processes and foramina are much 
Merycoidodon. 

The dorsal vertebrae, number, have long and heavy spines, longest and 
diminishing back from that point, make hump the shoulders. the first 
ten vertebrae the spines have backward inclination, the 11th the inclination slight 
and the 12th and 13th the spines are nearly vertical; only the 14th dorsal the 
spine shaped the lumbar region. Compared with the dorsals Merycoidodon, those 
Agriochoerus are relatively larger and heavier and have broader and thicker neural spines. 

The lumbar vertebrae, which there are six, are remarkably heavy and 
the spines are not very high vertically, but are broad antero-posteriorly; the transverse 
processes are very wide and plate-like; the zyg- and metapophyses are very prominent 
and there are anapophyses. Compared with the lumbars Merycoidodon, those 
Agriochoerus are notably heavier and more carnivore-like; the spines are more erect, less 
inclined forward, broader and more plate-like; the transverse processes are longer and 
wider and the metapophyses, though not more prominent, are broader antero-posteriorly. 
All these differences point greater muscular development the loins Agriochoerus, 
though had leaping gait. 

The sacrum very much shorter than Merycoidodon and consists but three 
coalesced vertebrae, only the first which supports the pelvis; the neural spines are 
widely separate. 

caudal vertebrae, there are least 26, compared with Merycoidodon, and 
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these are much larger than the latter, indicating, already mentioned, tail long 
and heavy the modern Leopard. The foremost caudals have neural arch and canal, 
low, ridge-like neural spines and zygapophyses; behind the 8th, the centra are very long 
and thick, the processes degenerating into nodules; the 13th caudal the longest the 
series and, from that the end, the vertebrae very gradually become shorter and more 
slender. 

The ribs number pairs and are like those most primitive artiodactyls their 
slenderness, decided difference from modern ungulates first four pairs 
ribs are relatively broad, the remaining ones rod-like, the unguiculates. 

The sternum, restored, has but six segments, the manubrium, xiphisternum and 
four mesosternal segments; these, the three posterior elements are original. The meso- 
sternal segments, the last and the penultimate one, are short, broad and thick, slightly 
constricted the middle. The xiphisternum long and broad, narrowing slightly back- 
ward, with spatulate end and rounded posterior border. far preserved, the 
sternum resembles that Merycoidodon. 


The clavicle, which lacking all Recent artiodactyls, has been observed two 
oreodont genera, Mesoreodon, the middle Miocene, and Merycoidodon the White 
River Oligocene. both these genera the bone more less vestigial and touches 
neither sternum, nor scapula; has been observed only two individuals and has been 
preserved them only the rarest good fortune. The fact that has not yet been 
found connection with the skeleton Agriochoerus is, thus, without significance and, 
very probably, was present more less reduced condition, throughout the whole 
superfamily the Oreodontoidea, indicated the development the acromion 
all the genera which the scapula known. 

The scapula relatively much larger than Merycoidodon and has quite different 
shape, being broader antero-posteriorly and less triangular outline; the very prominent 
spine more asymmetrically placed, making the postspinous fossa much wider than the 
prespinous. The neck shorter and wider than Merycoidodon, the acromion shorter 
and more antroverted and the metacromion even more reduced. The coraco-scapular 
notch broadly open. 

The humerus, type, resembles that Merycoidodon, but there are differences, 
which lend appearance the bone; heavier, especially the proximal 
portion, the external tuberosity lower, rising little above the head, but more massive 
and rugose; the internal tuberosity also heavier and more prominent; but the area for 
the insertion the infraspinatus muscle less distinct, also the deltoid crest; the 
shaft relatively longer and stouter. The distal end broader and has much more 
prominent internal epicondyle, which massive and rugose, one the larger cats, 
and this gives the distal end totally different appearance. The trochlea similar, 
but less divided into three parts. 

The radius and ulna are separate and unreduced, true all known members 


the superfamily; proportionally, the fore-arm bones are longer than Merycoidodon; both 


radius and ulna are stouter. The radius has broad proximal end, which covers the whole 
breadth the humeral trochlea; the posterior side the radial head broad band 
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articular surface for the ulna. The character the humero-radial articulation was 
such that not the slightest degree rotation the manus was possible. The shaft 
longer and broader, less rounded and more antero-posteriorly compressed than Mery- 
coidodon; the distal end more expanded transversely than the latter, especially toward 
the external side, which large, concave facet for the ulna. The facets the distal 
end for seaphoid and lunar are distinct. 

The ulna but little more slender than the radius which closely applied, leaving 
only very narrow radio-cubital arcade near the distal end. The olecranon relatively 
much shorter than Merycoidodon, but thicker antero-posteriorly, broader transversely 
and more massive and rugose, but the tendinal sulcus broader and shallower and the 
coronoid process shorter and less prominent. The shaft has the usual trihedral form, 
becoming flatter and more compressed, well more slender downward; the distal end 
suddenly contracted, receive the expanded end the radius, for which there 
concave facet. The surface for articulation with the pyramidal narrow convexity, 
continued the palmar side that for the pisiform. 

The manus, like the pes, extremely peculiar and offers problem interpretation 
that has not been satisfactorily solved, perhaps never will solved for the want any 
living mammal that displays analogous structures, any such combination seemingly 
incompatible features. The carpus, general, resembles that Merycoidodon, but 
decidedly broader transversely and shorter proximo-distally; all the elements, including 
the trapezium, are present and there co-ossification any two them. The meta- 
carpus consists five members; the first slender and short vestige, which was 
manifestly without function, though the pollex complete with phalanges. The four 
functional metacarpals are short and slender and have less the symmetrically paired 
arrangement seen all the Merycoidodontidae and more cat-like radiation, resem- 
which borne out the hemispherical distal trochleae; Merycoidodon these 
trochleae are more nearly semicylindrical; all the superorder, the metacarpal 
carinae are confined the palmar side. 

The phalanges are smaller than the hind-foot, but otherwise like them and suffi- 
ciently remarkable; the two phalanges the pollex are minute and vestigial. the other 
digits the phalanges are stouter than Merycoidodon and differently shaped; the proximal 
trochlea the first phalanx oblique the long axis the bone and the distal trochlea 
reflected upon the dorsal side; first and second phalanges are not one proximo-distal 
line, but meet obtuse angle. Similarly, the distal articular surface carried over 
upon the dorsal face and makes almost semicircular facet for the ungual. The latter 
is, paradoxically enough, strong claw, not hoof; the proximal end excavated deeply 
for articulation with the second phalanx, but there subungual process; the body 
the ungual has strongly convex, almost semicircular dorsal border and thick palmo- 
dorsally, thin and much compressed laterally and ending sharp point. This phalanx 
altogether different from the unguals Merycoidodon and all parts the fore limb have 
suggestive likenesses the Carnivora, especially that primitive Carnivorous suborder, 
the Creodonta. 
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The femur long and stout, heavier proportionally than Merycoidodon, but the 
proximal end shaped much that genus, though the head rather more globular 
and the second trochanter much smaller. The shaft heavy and somewhat more 
flattened the posterior face than that also broadens more downward 
and reaches relatively greater width near the distal end; the condyles, which are larger 
and project more prominently backward, are unequal size; the internal one more 
flattened and its articular surface continuous with that the rotular trochlea, while 
the external one more convex and separated from the trochlea. The trochlea itself 
decidedly different the two genera; Agriochoerus much narrower and more deeply 
grooved and its borders are more nearly equal prominence. 

The patella differs from that Merycoidodon its much greater proximo-distal 
length; the proximal portion heavy and rugose, but there distal extension which 
much thinner and has bluntly rounded end. 

The shorter than the femur, also true the last-named genus; the proximal 
end heavy and especially broad, overhanging the external side for articulation with 
the fibula. The rugosity for the insertion the patellar ligament massive, but the 
crest not very prominent and speedily dies away distally upon the shaft. The 
for the tendon the extensor longus digitorum unusually deep. The shaft 
stout and remains trihedral for nearly its whole length, broadening and flattening and 
becoming antero-posteriorly compressed near the The surface for the astragalus 
two unequal parts, the internal one much narrower and more deeply concave, and the 
intercondylar ridge between them gives off long and prominent tongue the dorsal 
border. The internal malleolus long, wedge-shaped process, with bluntly rounded 
distal end, which fits into depression inward extension the distal trochlea the 
astragalus; Merycoidodon has nothing like this, which indicates something peculiar the 
movements the ankle-joint. 

The fibula has shaft medium stoutness, which relatively broad and antero- 
posteriorly compressed and much less reduced than Merycoidodon; the external mal- 
leolus heavy and much more extended planto-dorsally than the latter; bears 
narrow internal facet for the astragalus and large distal one for the caleaneum. 

All parts the Pes, tarsus, metatarsus and phalanges, are very peculiar and differ 
strongly from the corresponding elements Merycoidodon and yet they are all, except 
the unguals, unmistakably similar type. 

The astragalus very broad proportion its proximo-distal length; the proximal 
trochlea deeply grooved and asymmetrical because the larger size the external 
condyle, which separated from the distal ginglymus, while the inner condyle contact 
with the facet for the navicular. exceptional feature this astragalus the inward 
extension the distal trochlea and, the proximal side this extension, articular 
fossa, into which fits the internal malleolus the tibia, the manner already described. 
The distal trochlea, ginglymus, very unequally divided into broad, saddle-shaped 
surface for the navicular and much narrower and simply convex facet for the cuboid. 
The surface for the sustentaculum the caleaneum does not occupy the whole breadth 
the plantar side the astragalus, but forms very prominent and strongly convex 
projection. 
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The calcaneum has stout tuber, especially transverse width, increasing club- 
shaped thickening the proximal end, which has conspicuous tendinal sulcus the 
plantar angle. The dorsal and plantar borders the tuber are not quite parallel, for the 
dorso-plantar thickness increases the distal end, which narrow and has warped- 
concave surface for the cuboid. The fibular facet prominent projection, which 
much extended proximo-distally; the sustentaculum heavy, but narrow, projecting but 
little toward the tibial side. 

The navicular, like all the tarsals, except the caleaneum, broad and short, 
low, proximo-distally; its surface for the astragalus obscurely divided into two parts, 
much broader, planto-dorsally portion the tibial side and narrower, sloping 
surface the fibular side; the dorsal border the proximal navicular surface rises into 
broad, intercondylar tongue, which fits into the groove the distal astragalar trochlea. 
The distal end the navicular almost completely covered the facet for the ecto- and 
meso-cuneiforms, while that for the entocuneiform very small and displaced the 
tibio-plantar angle the navicular. From the plantar side the latter given off 
blunt, hook-like process, which abuts against the entocuneiform the tibial side and, 
the fibular side, against the plantar process from the head the third metatarsal. 

The cuboid very low and broad, like the tarsus whole; proximally, divided 
almost equal measure between the astragalar and facets; most the distal 
end taken the surface for mt. IV, that from mt. very much smaller. The 
plantar hook stout and, shape, very much like that the navicular. 

The entocuneiform more extended proximo-distally than the other cuneiforms and 
narrow, but relatively thick; the proximal end bears small facet for the navicular and 
is, were, wedged between the compound cuneiform and the plantar hook the 
navicular, for each which has facet. supports digit, but, the fibular side 
the distal moiety, there surface for mt. II. 

Meso- and ecto-cuneiforms are ankylosed, Merycoidodon, and the compound bone 
formed very short proximo-distally, even shorter than the navicular, which almost 
equals breadth; the tibial side facet for the internal cuneiform and, the distal 
end, those for mt. and which are perfectly distinct. 

The Metatarsus almost isodactyl, its four members being nearly equal length, 
obscure the paraxonic symmetry. There great difference between some the 
species the proportions the metatarsals: antiquus and latifrons they are 
comparatively slender, about Merycoidodon, while gaudryi they are much 
shorter and broader and have differently shaped trochleae; the difference great 
suggest difference genus. The second metatarsal the shortest the series; has 
narrow proximal end, but the shaft broadens much distally, becoming almost wide 
the median pair; the distal trochlea more hemispherical more semi- 
gaudryi. Mt. III and are the longest and heaviest the series and 
they are nearly equal length and breadth, but antiquus mt. 
distinctly longer and broader than III. Mt. III has straight shaft and, the proximal 
end, unusually prominent and stout plantar projection; the tibial side are two 
widely separated facets for mt. II, one dorsal and the other the side the plantar 
projection. the fibular side large articular cavity for the strongly convex facet 
feline likeness. 
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antiquus mt. the longest and stoutest the series, but gaudryi 
one symmetrical pair with mt. III; the plantar process from the proximal end 
long and much broader and heavier than that mt. III; the two processes are em- 
braced the plantar hooks the navicular and cuboid, between which they are wedged, 
and there minute lateral contact with the ectocuneiform. Mt. much the most 
slender the four and almost long mt. III; the head rugose and thickened, 
without definite plantar process, and has rather narrow surface for the cuboid; the shaft 
slender and obscurely trihedral and bowed have concave fibular side; the 
distal end broadened processes for the lateral ligaments and the trochlea hemi- 
spherical decidedly cat-like; fact, all the metapodials have more carnivorous 
than ungulate appearance. 

The phalanges are astonishing the foot artiodactyl and the significance the 
transformation can only conjectured; those the three outer digits, III, IV, and 
are, when placed together, nearly the same length. The proximal phalanx is, 
different from the other species being much shorter and thicker and contracting 
distally less; both groups the proximal trochlea deeply concave, with plantar border 
for the carina, the distal trochlea deeply grooved the median line and 
reflected over upon the dorsal side. The second phalanx very much shorter than the 
first and its proximal trochlea divided into two parts, with dorsal beak that projects 
over the distal end the first phalanx, when the digit extended, and fits into the median 
groove that phalanx. The distal end the second less deeply grooved than that 
the first, but the articular surface reflected much farther upon the dorsal side, describing 
half-cirele around the end. 

The ungual phalanx is, form least, true claw and forms the strongest possible 
contrast the hoofs Merycoidodon; compressed, thin and sharp-pointed, though 
not acute cat bear. The proximal articular surface deeply concave, much 
more than gracilis and the dorsal border forms broad beak, 
extending over the distal end the second phalanx, but there subungual process, such 
seen the cats. The dorsal side the ungual strongly convex and the plantar 
side very slightly concave, that the ungual phalanx was but little hooked, though, 
doubt, the horny claw was somewhat more so. 


HABITS THE AGRIOCHOERIDS 


The first problem that presents itself connection with the larger question the 
manner life these strange and paradoxical creatures, concerned with the gait and 
methods using the feet. there are now existence mammals which are, the 
least, like the agriochoerids, only the inferences drawn from the facts anatomical 
structure that can guide speculation dealing with this obscure problem. and 
themselves, the feet are suggestive predaceous habits, yet the teeth would seem refute 
conclusively any such suggestion. 

the gait and manner walking, not necessary assume that fore and hind 
feet were used the same way. analogous case presented the South American 


which may tersely defined clawed toxodonts. The discovery 


Mr. Riggs, the Field Museum, Chicago, skeleton the Santa Cruz genus, 
(one the Entelonychia) has brought strong, not definitive, con- 


Scott, B.: History Land Mammals the Western Hemisphere, 2nd ed., Figs. 329, 330. 
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firmation Ameghino’s hypothesis that, that extraordinary animal, the fore feet were 
digitigrade and the hind feet plantigrade. possible that the same was true Agrio- 
choerus, but, true, the plantigradism must have been secondarily acquired, for the 
astragalus far too deeply grooved and too typically artiodactyl character, have 
belonged primarily plantigrade animal. Assuming, there every reason do, 
that the fore feet were used digitigrade manner, can hardly suppose that the weight 
was supported directly upon the claws; much more likely that pads the unguiculate 
kind were developed, one central pad under the metacarpals and one beneath the phalanges 
each digit. The hind foot, was plantigrade, probably had large plantar pad, like 
the hind foot bear, but if, the whole, seems more probable, the pes was digitigrade, 
must have had pads like those the manus. this supposition that the restoration 
Land was made Mr. Horsfall, but the possibility should borne 
mind that the pes was plantigrade. 

This does not answer the question how the feet were employed ways other 
than mere locomotion. The late Professor Matthew offered suggestion that Agriochoerus 
was tree-climber, and the skeleton the American Museum mounted illustration 
this hypothesis. Another possibility that these creatures were fossorial habit; 
they could hardly have been burrowers account their bodily size, but they may very 
well have dug roots and tubers principal part their food. The small Pleistocene 
ground sloth, Nothrotherium, shown the remarkable specimen the Yale Museum, 
which retains the ligaments and some patches skin and had associated with quantities 
excreta, subsisted largely upon roots and evidently used its large claws digging them 
up. Another analogous case that the South American clawed toxodont, Homalodo- 
therium, which, Lydekker was the first point out, very probably was fossorial 
habits. emphasized especially the remarkable likeness the humerus the 
South American animal that the Wombat (Phascolomys) the Australian fossorial 
marsupial, though that incomparably smaller creature. The humerus Agriochoerus 
displays such likeness that the Wombat, which, course, proof that was 
not digger. the whole, fossorial habits seem more probable, this 
instance, than arboreal, but there seems way reaching definitive decision. 

There one very strange characteristic the Agriochoerus skeleton, explanation 
which plausible suggestion has yet been made, viz., the many likenesses the Carni- 
vora, both creodont and fissiped; cervical vertebrae, especially the axis, with its great 
hatchet-like neural spine, the posterior dorsal and powerful lumbar vertebrae, the extremely 
long and heavy tail, the limb-bones and clawed feet are all more less like those the 
beasts prey. teeth were unknown, think that most mammalogists would conclude 
that Agriochoerus had been found the astonishing paradox predaceous artiodactyl. 
the contrary, any such inference seems definitely forbidden the character the 
teeth. the incongruous association such body, limbs and feet with such skull and 
teeth, that makes the problem seemingly insoluble. 

Species: Leidy named three species from the lower Brulé South Dakota and these 
Douglass added two from the Pipestone (lower Chadron) Montana. The status the 

B., Op. cit., Fig. 235, 374. 


Matthew, D., Amer. Mus. Journ., Vol. XI, 162. 
Lydekker, R., Anales del Mus. Plata, Tom. II, Pt. III. 
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Fig. antiquus: Skeleton, right side, mounted the branch tree. Amer. Mus. 
Nat. Hist. 


species from the upper Brulé, described Osborn and Wortman and Marsh, some 
doubt whether they are, are not, referable distinct genus. 


Agriochoerus antiquus Leidy 


Agriochoerus antiquus Leidy; Proc. Acad. Nat. Sci. Philad., Vol. 122, 1850. 

specimens indicate animal with the skull approximating size that 
Oreodon Culbertsoni. 

face appears have been shorter and less depth relation with its breadth 
than the latter. The forehead had nearly the same form but flatter, and somewhat 
abruptly depressed each side above the position the post-orbital processes. 

orbits are sub-rotund, relatively about large Oreodon, but with rather 
more obliquity upward. The post-orbital processes the frontal and malar bones 
are conoidal, nearly equal size, and are about half inch apart their ends. 

lachrymal fossa exists front the orbit, the facial surface the lachrymal 
bone contributing the general convexity the side and upper part face. 
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hard palate, for the greater extent obscured the specimen remaining 
portion matrix, its fore part deeply inclined the 


MEASUREMENTS 


Upper dentition, length 
Upper cheek-tooth series, length 
Upper cheek-tooth series, length pl-m3........ 
Upper premolar series, length................. 
Upper molar series, length................... 
Lower dentition, length i2-m3................ 
Lower cheek-tooth series, length.............. 
Lower premolar series, length 
P2, ant.-post. diameter 
ant.-post. diameter 
M2, ant.-post. diameter 
M3, ant.-post. diameter 


latifrons, 
No. 3884 


mm. 


118 


antiquus, 


No. 1490 
mm. mm, 
108 

7.5 
8.5 
13.5 
112 
101 


N.B. Because overlapping, the length the cheek-tooth series less than the sum the antero- 


posterior diameters the individual teeth. 


Skull, median basal length 
Skull, length oce. cond. prmx 


Skull, length face, orbit prmx 
Skull, length sagittal crest 
Skull, length arch 
Skull, breadth over zygomatic arches 
Skull, breadth over postorb. proc 
Skull, breadth postorb. constr 
Skull, breadth rostrum canines 
Skull, breadth infraorb. foram 
Mandible, extreme length 
Mandible, length symphysis 
Mandible, height condyle 
Mandible, depth 
Mandible, depth 


Skull, length cranium from cond. orbit 


No. 3884 
38,843 P.U. No. 11,427 
224 mm. 


201 mm. 
130 


Leidy, J.: Journ. Acad. Nat. Sci., Philad., 2nd series, Vol. VII, 132. 


13.5 
14.5 
119 
109 
9.5 
9.5 
14.5 
174 
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The skeletal dimensions antiquus are taken from the skeleton mounted the 
American Museum, No. 9337. few measurements teeth are added, order facilitate 
comparison with the individual (A.M.N.H. No. 1490) this species, which the measure- 
ments are given the preceding table. 


MEASUREMENTS 

Atlas, ant.-post. length................ 
Third cervical, width over tr. pr........ Digit phalanx length...... 
Fifth cervical, length Digit II, phalanx length............. 
Fifth cervical, width over tr. Digit ungual, length................ 
Fourth lumbar, width sp. tip ...... Patella, prox.-dist., length.............. 
Ninth caudal, width .................. Calcaneum, dors.-plant. width 
Scapula, max. width................... 109 
Digit II, phalanx length............. 
Ulna, width hum. Digit II, phalanx length............. 
Digit III, phalanx length............ 


Horizon: Lower Brulé. 
Locality: Big Bad Lands, So. Dak. 


Agriochoerus latifrons Leidy 


Agriochoerus latifrons Leidy: Proc. Acad. Nat. Sci., Philad., 1867, (nom. nud.). 
Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 135, 1869. 
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The type specimen nearly complete skull, which Leidy first believed referable 
antiquus. sufficiently approximates the corresponding portions the latter, 
both size and constitution, belong it, but yet some points presents such wide 
differences that shall describe distinct species, though think may only 
prove sexual variety the former, and perhaps belongs the male. 

skull almost the size those the larger, more robust, apparently male 
skulls Oreodon Culbertsoni, (Op. cit., 135). 

face both higher and wider Agriochoerus antiquus, and these respects 
resembles more its proportions that robust male individuals Oreodon 
is, however, proportionally shorter than the latter. 

forehead between the post-orbital processes inch wider than 
antiquus, nor abruptly depressed upon these processes the 
deeply depressed the bifurcation the sagittal crest. The frontals are separate, 
and form together posteriorly acute angle, received between the parietals. 

palate almost absolutely flat. Agriochoerus antiquus, where 
exposed between the position the premolars, comparatively narrow, and the two 
sides incline unusual degree, the angle being about (Op. cit., 137.) 

shown the table measurements (p. 728), the teeth are relatively small. 

Horizon: Lower Brulé. 

Locality: Big Bad Lands, So. Dak. 


Agriochoerus major Leidy 


Agriochoerus major Leidy: Acad. Nat. Philad., Vol. VIII, 164, 1856. 

This very imperfectly known species was regarded because its size. 
The second lower molar like the corresponding tooth antiquus, but measures 
lines fore and aft and lines transversely, while that the latter measures lines 

Horizon: Lower Brulé. 

Locality: Big Bad Lands, So. Dak. 


Agriochoerus maximus Douglass 


Agriochoerus maximus Douglass: Trans. Amer. Philos. New Series, Vol. 267, 

1902. 

The type specimen comprises right molar-premolar series and the last two premolars 
and first two molars the left side, with some skull fragments. ‘‘These teeth not 
look like those Agriochoerus, principally account their lowness and plain, flat 
appearance; yet when they are compared one one with those Agriochoerus, one does 
not feel warranted establishing new genus these alone; though skull and skeleton 
were found, have little doubt that the animal might prove different thing. 

characters: Size large; teeth plain; the cheek teeth low, except P1, made 
crescents which are approximately low three-sided pyramids with broad bases. 

subconical, longer than wide, with anterior angle and posterior depression; 
two-rooted. simple, pyramidal; the outer side convex; the antero-inner nearly flat; 


Leidy, J., Journ. Acad. Nat. Sci., 2nd Ser., Vol. VII, pp. 134-5. 
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postero-inner side concave, with weak cingulum. three-rooted, with small deutero- 
cone. The two inner sides equal. There incipient tendency toward the division 
the outer crescent, seen the slight inner groove just behind the inner angle and the 
apex the protocone. has the same length and but broader. The two 
outer crescents are not separated down far the molars. The deuterocone 
large, though not high, the outer crescents. subconical subtriangular 
section. There faint cingulum nearer the root. 

has short, broad, low crescents, with broad open valleys between. and 
are the same but longer antero-posteriorly. The animal was not old, had been 
recently erupted. 

small portion the top the skull shows the angle where the temporal ridges 
unite form the sagittal crest. the angle broad concavity and the ridges are 
broad and prominent. There deep groove the angle. The anterior part the 
sagittal crest low, broad convex ridge. 


MEASUREMENTS 


Length molar-premolar series about... Width .014 mm. 


Horizon: Lower Chadron (Pipestone Beds). 
Locality: Little Pipestone Creek, Mont. 


Agriochoerus minimus Douglass 


Agriochoerus minimus Douglass: Trans. Amer. Philos. New Series, Vol. XX, 268, 

1902. 

this species the smallest. represented the molars, last two premolars, and 
the zygomatic arch the right side belonging mature individual. 

characters: Size small; long antero-posteriorly, outer crescents molars 
very low, their outer faces looking downward much more than outward. 

seen from above nearly right-angled triangle, with the right angle placed 
postero-externally. The tritocone distinguished from the protocone viewed from 
the inside, but the protocone the larger. The deuterocone well developed 
and opposite the tritocone. and the posterior outer base small hint 
tetartocone. 

nearly equilateral triangle cross section with rounded interior angle, 
the deuterocone conical. The separation the protocone and tritocone has progressed 


farther than P3; the two are more nearly equal. The tetartocone small but well 
defined. 
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molars are broader than long. They bear very low crescents. The antero- 
external buttresses are large, especially M3. There are inner cingula and 
and faint traces M1. 

arch quite broad under the orbit; its lower angle being opposite 
the posterior part M2. The anterior inferior root expands outward abruptly. One 
root projects through the maxillary into the orbital plane. Evidently the posterior 
the orbit was the same plane the posterior the last molar. 


Length last two premolars and molars. mm. .0085 mm. 


Horizon: Lower Chadron (Pipestone Beds). 
Locality: Three Forks, Mont. 


the upper Brulé species Agriochoerus, not yet determined, though clearly belonging 
the genus, have been repeatedly found. addition, two genera have been named, 
the Agriomeryx Marsh and the Artionyx Osborn and Wortman. Both these are 
assigned Agriochoerus Hay, yet their relations that genus and each other are 
not yet clear and await the discovery more complete material. 


?Agriochoerus gaudryi (Osborn and Wortman) 


Artionyx gaudryi Osborn and Wortman: Bull. Amer. Mus. Nat. Hist., Vol. 1893. 
Agriochoerus gaudryi Hay: Bull. Geol. No. 179, 663, 1902. 
Agriomeryx migrans Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 270, 1894. 

The type specimen this species almost complete hind-foot (A.M.N.H., No. 
685) which the distal ends tibia and fibula were attached; other individuals, notably 
skull, have been referred it, but insufficient grounds. That the species distinct, 
made clear the exceptional proportions the various foot-bones, which are con- 
spicuously shorter and heavier than the other species. While there can possible 
doubt that the species member the Agriochoeridae, the discovery sufficiently 
complete material, such well-preserved skeleton, may make necessary the transfer 
different genus, which case the term proposed Osborn and Wortman would 
automatically revived, that name has priority over Agriomeryx Marsh, also from the 
upper Brulé. for that reason that have queried the generic name connection 
with this 

their original paper, the authors summarize the generic characters follows: 
Extreme globular form the caput femoris. (2) The slight backward extension 
the femoral condyles. (3) The great development the internal malleolus, and the 
excavation upon the inner side the astragalus. (4) The articulation fibula with 
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(5) The articulation astragalus with cuboid and navicular, and the forma- 
tion distal ginglymus. (6) The slight extension backwards the cuboidal facet 
the astragalus and its continuity with the sustentacular facet. (7) The great backward 
extension the navicular facet, and the obliquity the sustentacular facet. (8) The 
weak development sustentaculum tali. (9) The marked depression the cuboid, 
navicular, and cuneiforms. (10) The presence tuberculum upon inner border 
navicular. (11) The presence prominent navicular hook. (12) ecto- 
and meso-cuneiform. (13) Presence internal cuneiform and hallux. (14) The foot 
the type. (15) The metatarsals are not displaced upon the tarsals. (16) The 
distal keels metapodials confined plantar surface. (17) The ungues large, much 
compressed, and little hooked. (18) Presence groove upon the end the tuber 
the (Op. cit., pp. 

This list was drawn when was believed that Artionyx represented new suborder 
the some the characters listed are common all Artiodactyla and others 
all species Agriochoerus; the supposed presence hallux has not been confirmed and 
was probably mistake. What especially characterizes this foot the proximo-distal 
shortness tarsals and metatarsals, the relative breadth the latter and the flattening 
their dorsal faces, shape which contrasts strongly with that displayed antiquus. 

The authors emphasize the peculiarity the phalanges; the proximal articular surface 
the first phalanx directed more dorsally than distally, almost much Chalico- 
and the distal trochlea directed more toward the plantar side. The second 
phalanx much shorter and more compressed laterally than the first; the distal articular 
surface grooved and the median almost equally divided between the dorsal and 
plantar sides. ‘‘The ungues are large, strongly compressed, and considerably arched upon 


MEASUREMENTS 
Tibia, distal 30mm. Metatarsal III, proximal width.......... mm, 
Fibula, distal thickness................. Digit II, phalanx prox. width.......... 
Astragalus, length (fib. Digit II, phalanx length.............. 
Astragalus, proximal width.............. Digit II, phalanx prox. width.......... 10.5 
Astragalus, distal width................. Digit II, phalanx dist. width.......... 
maximum length............ 46.5 Digit III, phalanx length............. 
width over sustac............ Digit phalanx prox. width......... 
Metatarsal II, proximal width. Digit phalanx prox. width......... 
Metatarsal II, dist. width Digit III, ungual, length. 


Horizon: Upper Brulé. 
Locality: Big Bad Lands, So. Dak. 
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PLATE XXXVI 


Leptochoerus spectabilis: Facial part skull, dorsal side, Rapid City Mus., No. 2639. 
la. Leptochoerus spectabilis: Palate same specimen. 

Stibarus loomisi, type: Facial part skull, right side, Mus. Amherst College. 

2a. Stibarus loomisi, type: The same, top view. 

2b. Stibarus loomisi, type: The same, palate and upper teeth. 

All figures 2.2 (approx.). 


PLATE XXXVII 
Stibarus 


Stibarus obtusilobus: Skull, left side, Rapid City Mus., No. 3375. 
sp.: Mandible, left side, Rapid City Mus., No. 2291. 
2a. Stibarus sp.: The same, crown-view. 

Figures 2.5 (approx.). 


PLATE XXXVIII 
Archaeotherium 


mortoni: Skull, left side, 1/3 (app.), Princeton Mus., No. 11,440. 

la. Archaeotherium mortoni: Lower dentition, crown-view, P.M., No. 11,440. 

mortoni: Palate young animal, with milk-teeth, 9/16, Princeton Mus., 
No. 13,668. 

mortoni: Upper milk-teeth, left side, crown-view, 7/13, Princeton Mus., 
No. 13,668. 


PLATE XXXIX 


Archaeotherium 


Archaeotherium mortoni: Skull, dorsal side, Princeton Mus., No. 11,440. 
la. Archaeotherium mortoni: The same, base. 


1b. Archaeotherium mortoni: Occiput the same skull. 
Figures approx. 1/3 Nat. Size. 
PLATE 
Archaeotherium 


Archaeotherium wanlessi, type: Skull, right side, Princeton Mus., No. 12,552. 


la. Archaeotherium wanlessi, type: The same, dorsal side. 
Figures approx. 1/3 Nat. Size. 
PLATE XLI 
Megachoerus zygomaticus: Skull, right side, .44, Princeton Mus., No. 11,156. 
la. Megachoerus zygomaticus: The same, dorsal side. 
praecursor, type: Upper cheek-teeth, crown-view, 1/3, A.M.N.H., No. 572. 
Entelodon cf. magnus: Upper cheek-teeth, crown-view, 1/3, A.M.N.H., No. 571. 
Entelodon magnus (cast): Upper cheek-teeth, crown-view, A.M.N.H., No. 10,420, near Puy-en- 


Velay, Haute Loire, France. 


FAUNA THE WHITE RIVER OLIGOCENE 737 


Fig. 
Fig. 
Fig. 
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Fig. 
Fig. 
Fig. 
Fig. 
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Fig. 
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Fig. 
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Fig. 
Fig. 
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7a. 


6a. 


PLATE XLII 
Archaeotherium 


Archaeotherium scotti: Atlas, dorsal side. 


Archaeotherium scotti: The same, left side. 
Archaeotherium scotti: The same, anterior end. 


Archaeotherium scotti: Axis, left side. 


Archaeotherium scotti: The same, dorsal side. 
Archaeotherium scotti: The same, anterior end. 


Archaeotherium scotti: Lumbar vertebra, posterior end. 
Archaeotherium scotti: Sternum, left side. 
Archaeotherium scotti: Left outer side. 
Archaeotherium scotti: Left humerus, ulnar side. 
Archaeotherium scotti: The same, anterior side. 
Archaeotherium scotti: Left ulna and radius, ulnar side. 
Archaeotherium scotti: The same, anterior side. 


All figures approximately 1/4 Nat. Size and made from the type-skeleton, Princeton Mus., No. 


10,885. 
PLATE XLIII 


Archaeotherium 


Archaeotherium scotti: Left manus, dorsal side. 


Archaeotherium scotti: The same, ulnar side. 


Archaeotherium scotti: Left innominatum, outer side. 
Archaeotherium scotti: Left femur, anterior side. 


Archaeotherium The same, fibular side. 


Archaeotherium scotti: Left patella, fibular side. 


scotti: The same, anterior face. 


Archaeotherium scotti: Left tibia and fibula, anterior side. 


Archaeotherium scotti: The same, fibular side. 


Archaeotherium scotti: Left pes, dorsal side. 


Archaeotherium scotti: The same, fibular side. 


Archaeotherium scotti: Left astragalus, fibular side. 
scotti: 12th rib, left side, fractured and not knit. 


N.B. All figures approximately 1/4 Nat. Size and made from the type-skeleton, Princeton Mus., 
10,885. 


Fig. 
Fig. 
Fig. 


Fig. 
Fig. 
Fig. 


PLATE XLIV 


ramosus, type: Mandible, left side, No. 202. 
Archaeotherium scotti: Mandible, right side, Princeton Mus., No. 13,621. 


Scaptohyus altidens, type: Upper and lower jaws, from the right side, showing unusual 


canines and 3rd upper incisor, Princeton Mus., No. 13,621. 


Figures approximately 1/4 Nat. Size. 


PLATE XLV 
Bothriodon 


Bothriodon americanus: Skull, base, approx. 1/2, Mus. Univ. Michigan. 

Bothriodon americanus: Upper cheek-teeth, crown-view, 5/7, Princeton Mus., No. 13,691. 
Bothriodon americanus: Skull, right side, approximately 1/2 Nat. Size, Princeton Mus., No. 
13,691. 
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PLATE XLVI 
Bothriodon 


Fig. rostratus, type: Skull, right side, Princeton Mus., No. 172. 
Fig. la. Bothriodon rostratus, type: The same, base. 
Fig. 1b. Bothriodon rostratus, type: The same, top. 

Figures approximately 3/7 Nat. Size. 


PLATE XLVII 


Elomeryx 
Fig. brachyrhynchus: Skull, right side, 3/7 approx., mandible restored 
canine. 
Fig. brachyrhynchus: Right humerus, seen obliquely from radial side. 
Fig. brachyrhynchus: Left radius and ulna, radial side. 
Fig. brachyrhynchus: Left manus, dorsal side. 
Fig. brachyrhynchus: Left femur, tibial side. 
Fig. brachyrhynchus: Left tibia, anterior side. 
Fig. brachyrhynchus: Left patella, anterior side. 
Fig. 7a. Elomeryx brachyrhynchus: The same, tibial side. 
Fig. brachyrhynchus: Right pes, dorsal side, Princeton 10,653. 


N.B. All figures, except Fig. are from one individual, Princeton Mus., No. 10,650, and all, except 


Fig. are approximately 3/8 Nat. Size. 


PLATE XLVIII 


Fig. brachyrhynchus: Skull, base. 

Fig. Elomeryx brachyrhynchus: Atlas, right side. 

Fig. brachyrhynchus: Axis, right side. 
Fig. brachyrhynchus: Mesosternal segment. 

Fig. brachyrhynchus: Mesosternal segment. 

Fig. brachyrhynchus: Mesosternal segment. 

Fig. brachyrhynchus: Right scapula, outer side. 

Fig. rostratus, type: Occiput, Princeton Mus., No. 11,172. 


N.B. All figures, except Fig. are from the same Princeton Mus., No. 10,650, and all 


are approximately 3/8 Nat. Size. 


PLATE XLIX 


Fig. 
Fig. 
Fig. 
Fig. 


brachyrhynchus, juv. 
la. Elomeryx brachyrhynchus, juv.: 
1b. Elomeryx brachyrhynchus, juv.: 
Elomeryx brachyrhynchus, juv.: 


Skull, left side, No. 1242. 


The same, top-view. 
The same, upper milk-teeth, with m1. 
The same, lower milk-teeth, with m1. 


Fig. Elomeryx brachyrhynchus, juv.: Occiput 5/9 approx., Princeton Mus., No. 10,650. 
Fig. M3, crown-view undetermined genus, Peabody Mus., Yale Univ. 
Fig. valens, type: right side, crown view (from Marsh). 
Fig. Heptacodon curtus, type: left side, crown view (from Marsh). 
All figures, except Fig. approximately 3/7 Nat. Size. 


PLATE 
Heptacodon 


Fig. karensis: Skull, left side, So. Dak. Sch. Mines, Rapid City. 
Fig. la. Heptacodon karensis: The same, top-view. 
Fig. 1b. Heptacodon karensis: The same, base. 


Figures approximately 1/2 Nat. Size. 
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Fig. 
Fig. 
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Fig. 
Fig. 
Fig. 


Fig. 
Fig. 
Fig. 
Fig. 


Fig. 
Fig. 


PLATE 

Heptacodon 
Heptacodon gibbiceps, type: Face, left side, Peabody Mus., Yale Univ., No. 10,194. 
curtus: Mandible, right side, A.M.N.H., No. 1360. 
2a. Heptacodon curtus: The same, lower dentition, crown-view. 


Heptacodon quadratus, type: and right side, crown-view, X4/3 approx., Princeton 
Mus., No. 10,828. 
All figures, except Fig. 5/6 Nat. Size. 


PLATE LII 
Perchoerus 


Perchoerus probus: Skuil, right side, 5/7, So. Dak. Sch. Mines, Rapid City, No. 2838. 
la. Perchoerus probus: The same, top-view. 
probus: Upper cheek-teeth, crown-view, 4/3 approx., So. Dak. Sch. Mines, 


Fig. 
Fig. 
Fig. 


Rapid City, No. 3213. 


gracilis: Upper cheek-teeth, crown-view, Princeton Mus., No. 10,510. 
Perchoerus probus: Lower cheek-teeth, crown-view, 4/3, A.M.N.H., No. 1283. 
gracilis: Lower cheek-teeth, crown-view, 4/3, Princeton Mus., No. 10,511. 
PLATE LIII 
Perchoerus 
Perchoerus probus, juv.: Skull, left side, No. 585. 
la. Perchoerus probus, juv.: The same, base. 
Perchoerus probus: Occiput, So. Dak. Sch. Mines, Rapid City, No. 2838. 
probus, juv., Occiput, So. Dak. Sch. Mines, Rapid City, No. 2719. 
Figures approximately 9/11 Nat. Size. 
PLATE LIV 
Hypertragulus 
Hypertragulus Skull, left side, Princeton Mus., No. 14,543. 
la. Hypertragulus calcaratus: The same, top. 
1b. Hypertragulus calcaratus: The same, base. 
Hypertragulus The same; mandibular symphysis from below. 
Hypertragulus calcaratus: The same, occiput. 


Figures enlarged, slightly less than 3/2. 


PLATE 
Hypertragulus 
calcaratus: Sternum, ventral side. 
calcaratus: Left scapula, outer side. 
Fig. calcaratus: Left humerus, anterior side. 
Fig. calcaratus: The same, ulnar side. 
calcaratus: Left fore-arm and manus, dorsal side. 
Fig. calcaratus: The same, ulnar side. 
calcaratus: innominatum, left side. 
Fig. calcaratus: Pelvis and sacrum, ventral side. 
calcaratus: Left femur, anterior side. 
Fig. calcaratus: The same, fibular side. 
calcaratus: Left patella, anterior face. 
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Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


Hypertragulus calcaratus: 
Hypertragulus calcaratus: 
Hypertragulus calcaratus: 
Hypertragulus calcaratus: 
Hypertragulus calcaratus: 
Hypertragulus calcaratus: 
Hypertragulus calcaratus: 
Hypertragulus calcaratus: 
N.B. All figures enlarged, slightly less than 4/3, and all taken from the same skeleton, Princeton 


Univ. Mus., No. 14,543. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
N.B. All figures from the same skull, Princeton Mus., No. 12,962, premaxillae completed from skull 
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The same, fibular side. 

Left tibia and fibula, anterior side. 
The same, fibular side. 

Left pes, dorsal side. 

The same, fibular side. 

Left astragalus, dorsal side. 

The same, fibular side. 

Left dorsal. 


PLATE LVI 


Leptomeryx 


evansi: Skull, left side. 


evansi: The same, top. 
Leptomeryx evansi: The same, base. 
evansi: The same, occiput. 


evansi: The same, lower dentition, crown-view. 


Rapid City Museum. Figures slightly enlarged, 12/11. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
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PLATE LVII 


Leptomeryx 


Leptomeryx evansi: Atlas, dorsal side, A.M.N.H., No. 6782. 

evansi: Sternum, dorsal side, Princeton Mus., No. 13,525. 
evansi: Right scapula, external, Princeton Mus., No. 13,525. 
evansi: Left humerus, anterior side, A.M.N.H., No. 6782. 
Leptomeryx evansi: The same, ulnar side. 

evansi: Left ulna and radius, anterior side, Princeton Mus., No. 13,525. 
Leptomeryx evansi: The same, ulnar side. 

Leptomeryx evansi: Left manus, dorsum, A.M.N.H., No. 6782. 
evansi: Right femur, anterior, A.M.N.H., No. 6782. 
evansi: The same, fibular side. 

evansi: Right patella, anterior side, A.M.N.H., No. 6782. 
evansi: The same, fibular side. 

evansi: Left tibia, anterior side, A.M.N.H., No. 6782. 
evansi: The same, fibular side. 

evansi: Left pes, dorsal side, A.M.N.H., No. 6782. 


Leptomeryx evansi: The same, fibular side. 


evansi: Distal end cannon-bone, plantar side. 


All figures slightly enlarged, approximately 8/7. 


PLATE LVIII 
Hypisodus 


Hypisodus sp.: Skull, left side. 


Hypisodus sp.: The same, top. 
sp.: The same, base. 


Hypisodus sp.: Distal half left humerus, ulnar side. 


Hypisodus sp.: The same, anterior side. 


Hypisodus sp.: Left radius and ulna, anterior side. 


Hypisodus sp.: The same, ulnar side. 


Hypisodus sp: Distal portion left manus, dorsal side. 


« 

10. 
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Fig. 4a. Hypisodus sp.: The same, ulnar side. 

Fig. Hypisodus sp.: Left femur, fibular side. 

Fig. 5a. Hypisodus sp.: The same, anterior side. 

Fig. Hypisodus sp.: Left patella, anterior face. 

Fig. 6a. Hypisodus sp.: The same, fibular side. 

Fig. sp.: Left tibia and fibula, anterior side. 

Fig. 7a. Hypisodus sp.: The same, fibular side. 

Fig. sp.: Left pes, dorsal side. 

Fig. 8a. Hypisodus sp.: The same, fibular side. 

Fig. 8b. Hypisodus minimus: Left metatarsus, plantar side, A.M.N.H., No. 8989. 

N.B. All figures, except Fig. 8b, are from the same skeleton the Museum the University 
Nebraska and are slightly enlarged, approximately 8/7. 


PLATE LIX 


Fig. dispar, type: Skull, right side, A.M.N.H., No. 12,326. 
Fig. la. dispar, type: The same, left upper teeth, crown-view. 
Fig. consors, type: Skull, left side, Peabody Mus. Yale Univ. 
Figures are Nat. Size. 
PLATE 


Fig. celer Skull, left side, So. Dak. Sch. Mines, Rapid City, No. 2814. 
Fig. la. Protoceras celer The same, anterior view, showing separation maxillary horns. 
Fig. nasutus Face and mandible, left side, Field Museum Nat. Hist. 
Fig. 2a. Protoceras nasutus The same, anterior view, showing suture max. horns. 
Fig. longinaris, type: Facial region, right side. Coll. Cook. 
Fig. 3a. Pseudoprotoceras longinaris, type: The same, dorsal side. 
Fig. 3b. Pseudoprotoceras longinaris, type: The same, palate. 
Figures approximately 5/7 Nat. Size. 


PLATE LXI 


Protoceras 


Fig. comptus Skull, right side, Princeton Mus., No. 10,655 
Fig. la. Protoceras comptus The same, dorsal side. 
Fig. 1b. Protoceras comptus The same, base. 

Figures approximately 6/7 Nat. Size. 


PLATE LXII 
Protoceras 

Fig. celer Atlas, dorsal side. 
Fig. Protoceras celer Axis, left side. 
Fig. celer Right scapula, external side. 
Fig. Protoceras celer Right humerus, anterior side. 
Fig. 4a. Protoceras celer The same, ulnar side. 
Fig. celer Radius and ulna, ulnar side. 
Fig. 5a. Protoceras celer The same, distal ends. 
Fig. celer Left manus, dorsal side. 
Fig. celer Left femur, anterior side. 
Fig. 7a. Protoceras celer The same, tibial side. 
Fig. celer Left patella, anterior face. 
Fig. 8a. Protoceras celer The same, posterior face. 
Fig. celer Left tibia and fibula, anterior side. 


Fig. 10. Protoceras celer Left pes, dorsal side. 
N.B. All figures 9/16 Nat. Size and all from the same skeleton, A.M.N.H., No. 1227. 
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PLATE LXIII 
Eotylopus 


Fig. reedi, type: Skull, right side, Mus. Univ. Wyoming. 
Fig. la. Eotylopus reedi, type: The same, dorsal side. 
Fig. 1b. Eotylopus reedi, type: The same, cranial base and upper dentition. 
Fig. Eotylopus reedi, type: The same, lower teeth, crown-view. 

Figures slightly enlarged, 9/8. 


PLATE LXIIIA 
Eotylopus 


Fig. reedi, type: Right radius and ulna, anterior side. 

Fig. la. Eotylopus reedi, type: The same, ulnar side. 

Fig. reedi, type: Right manus, dorsal side. 

Fig. 2a. Eotylopus reedi, type: The same, radial side. 

Fig. reedi, type: Left pes, dorsal side. 

Fig. 3a. Eotylopus reedi, type: The same, ulnar side. 

Fig. type: Left tibial side. 

N.B. All figures are enlarged approximately 8/5 and all are taken from the type-skeleton the 
Museum the Univ. Wyoming, Laramie. 


PLATE LXIV 
Poébrotherium 


Fig. wilsoni: Skull, left side, Princeton Mus., No. 12,955. 

Fig. la. Poébrotherium wilsoni: The same, dorsal side. 

Fig. 1b. Poébrotherium wilsoni: The same, base. 

Fig. Poébrotherium wilsoni: The same, lower dentition, crown-view. 

Fig. sp. juv.: Skull, left side, Princeton Mus., No. 11,011. 
Figures approxinately 3/4 Nat. Size. 


PLATE LXV 


Poébrotherium 
Fig. sp.: Brain-cast, National Museum. 
Fig. Poébrotherium labiatum: Atlas, dorsal side, Princeton Mus., No. 11,377. 
Fig. 2a. Poébrotherium labiatum: The same, left side. 
Fig. labiatum: Axis, left side, Princeton Mus., No. 10,527. 
Fig. Poébrotherium labiatum: 5th cerv. vert., left side, Princeton Mus., No. 10,527. 
Fig. Poébrotherium labiatum: Left scapula, outer side, Princeton Mus., No. 10,527. 
Fig. labiatum: Left humerus, ulnar side, Princeton Mus., No. 10,527. 
Fig. 6a. Poébrotherium labiatum: The same, front view distal end. 
Fig. Poébrotherium labiatum: Left radius and ulna, front, Princeton Mus., No. 10,527. 
Fig. 7a. Poébrotherium labiatum: The same, ulnar side. 
Fig. Poébrotherium labiatum: Left manus, dorsum, Princeton Mus., No. 11,377. 
Fig. labiatum: Left femur, front, Princeton Mus., No. 11,377. 


Fig. 9a. Poébrotherium labiatum: The same, tibial side. 

Fig. 10. Poébrotherium labiatum: Left astragalus, plantar side. 

Fig. 11. labiatum: Left tibial side. 

Fig. 12. Poébrotherium labiatum: Right pes, dorsum, Princeton Mus., No. 11,377. 
All figures 5/7 Nat. Size. 
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Fig. 
Fig. la. Paratylopus primaevus, type: The same, dorsal side. 
Fig. 1b. Paratylopus primaevus, type: The same, base. 


Fig. 


PLATE LXVI 
Paratylopus 


Paratylopus primaevus, type: Skull, left side, A.M.N.H., No. 9806. 


Figures approximately 4/5 Nat. Size. 


PLATE LXVII 
Pseudolabis dakotensis, type: Skull, left side, 2/3 approx., A.M.N.H., No. 9807. 


Fig. la. Pseudolabis dakotensis, type: The same, upper dentition. 
This plate erroneously lettered. 
Figs. and 1b, right side, are Paratylopus primaevus, type, dorsal side mandible, slightly enlarged, 


Fig. 


Fig. anceps: Skull, left side, 18/11, Carnegie Museum, No. 1052. 
Fig. la. Oreonetes anceps: The same, base. 
PLATE LXIX 
Merycoidodon 
Fig. culbertsonii: Skull, left side, 4/5, Princeton Mus., No. 11,441. 
Fig. culbertsonii: Skull, base, 4/5, Princeton Mus., No. 12,764. 
PLATE LXX 
Merycoidodon 
Fig. sp.: Very young skull, 2+, So. Dak. Sch. Mines, Rapid City, No. 311. 
Fig. la. Merycoidodon sp.: The same, top-view. 
Fig. 1b. Merycoidodon sp.: The same, anterior teeth from the front. 
Fig. culbertsonii: Skull, top-view, 3/4 approx., Princeton Mus., No. 12,764. 
PLATE LXXI 
Merycoidodon 
gracilis: Atlas, dorsal side. 
Fig. 2a. gracilis: The same, left side. 
Fig. Merycoidodon gracilis: Axis, left side. 
Fig. 3a. gracilis: The same, dorsal side. 
Fig. gracilis: Third dorsal vertebra, left side. 
Fig. gracilis: Fifth lumbar vertebra, left side. 
Fig. gracilis: Seventh caudal vertebra, left side. 
Fig. gracilis: Left scapula, external side. 
Fig. gracilis: The same, distal end. 
Fig. gracilis: Pelvis, left side. 
Fig. gracilis: Left humerus, anterior side. 
Fig. gracilis: The same, ulnar side. 
ig. gracilis: Left ulna and radius, ulnar side. 
Fig. 10a. Merycoidodon gracilis: The same, anterior side. 


A.M.N.H., No. 9806. 


743 


Paratylopus sp.: Left side face and mandible, very slightly enlarged, National Museum, 


No. 14,763. 
PLATE LXVIII 


Oreonetes 


7 
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Fig. gracilis: Left manus, dorsum. 

Fig. Merycoidodon gracilis: Left femur, anterior side. 

Fig. gracilis: Left patella, anterior face. 

Fig. 13a. Merycoidodon gracilis: The same, fibular side. 

Fig. gracilis: Left tibia and fibula, anterior side. 

Fig. 14a. Merycoidodon gracilis: The same, fibular side. 

Fig. gracilis: Left pes, dorsum. 

All figures drawn from one individual, Princeton Mus., No. 13,626, and all are approximately 


4/5 Nat. Size. 
PLATE LXXII 
Eporeodon 


Fig. cf. major: Skull, left side, 2/3 approximately, Princeton Museum, No. 14,061. 
Fig. la. Eporeodon cf. major: The same, dorsal side. 


PLATE LXXIII 


Limnenetes platyceps, type: Skull, left side, 10/9 approx., Carnegie Mus., No. 701. 

la. Limnenetes platyceps, type: The same, base. 

Fig. 1b. Limnenetes platyceps, type: The same, dorsal side. 

Fig. Limnenetes platyceps, type: The same, occiput. 

Fig. Merycoidodon culbertsonii: Pelvis and sacrum, dorsal side, 1/2 approx., Princeton Mus. 
No. 11,441. 

alpha, type: Fragment mandible, left side, Carnegie Mus. No. 708. 

Fig. 3a. Bathygenys alpha, type: Lower teeth, crown view, Carnegie Mus. No. 


PLATE LXXIV 
Leptauchenia 


Fig. decora: Skull, left side, 14/13, National Museum, No. 2074. 

Fig. la. Leptauchenia decora: The same, base. 

Fig. 1b. Leptauchenia decora: The same, dorsal side. 

Fig. Leptauchenia decora: Skull from the front, 7/10 approx., Princeton Mus., No. 10,756. 
Fig. 2a. Leptauchenia decora: The same, occiput, slightly enlarged. 

Fig. decora: Upper milk-teeth, 7/5, Princeton Mus., No. 14,548. 

Fig. decora: Lower milk-teeth same skull. 


PLATE LXXV 
Leptauchenia 


Fig. decora: Atlas, dorsal side. 


Fig. la. Leptauchenia decora: The same, left side. 

Fig. decora: Axis, right side, Princeton Mus., No. 10,753. 
Fig. 2a. decora: The same, dorsal side. 

Fig. decora: Seventh dorsal vertebra, right side. 
Fig. decora: Fifth lumbar vertebra, left side. 
Fig. 4a. decora: The same, dorsal view. 

Fig. decora: Sacrum, dorsal side. 

Fig. decora: Left scapula, outer side. 

Fig. decora: Pelvis, left side. 

Fig. decora: Right humerus, anterior side. 

Fig. 8a. Leptauchenia decora: The same, ulnar side. 
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and 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig 


9a. 
10. 
10a. 
11. 
12. 
12a. 
13. 
14. 
14a. 
15. 


la. 
2a. 


Leptauchenia decora: 
Leptauchenia decora: 


Right radius, anterior side. 
The same, ulnar side. 


Leptauchenia decora: Right ulna, anterior side. 
Leptauchenia decora: The same, external side. 


Leptauchenia decora: 
Leptauchenia decora: 


Left manus, dorsum. 
Left femur, anterior side. 


Leptauchenia sp.: Right femur, Princeton Mus., No. 10,770. 

Leptauchenia decora: Left patella, anterior face. 

Leptauchenia decora: Left tibia and fibula, anterior side. 

Leptauchenia decora: The same, fibular side. 

Leptauchenia decora: Left pes, dorsum. 

N.B. All figures slightly enlarged and all, except Figs. and 12a, from two associated skeletons, 
Princeton Museum, No. 10,765. 


Agriochoerus antiquus: 
Agriochoerus antiquus: 
Agriochoerus antiquus: 
Agriochoerus antiquus: 
Agriochoerus antiquus: 
Agriochoerus antiquus: 
Agriochoerus antiquus: 
Agriochoerus antiquus: 
Agriochoerus latifrons: 
Agriochoerus antiquus: 


PLATE LXXVI 
Agriochoerus 


Skull, left side, 2/3 approx. 

The same, dorsal side. 

Atlas, dorsal side. 

The same, left side. 

Axis, left side. 

The same, dorsal view. 

Third lumbar vertebra, left side. 

First caudal vertebra, left side. 

Ninth caudal, left side, Princeton Mus., No. 11,255. 
Pelvis, left side. 


All figures, except Fig. taken from skeleton No. 11,427, Mus., and all except Figs. 


approximately 5/7 Nat. Size. 


Fig. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Agriochoerus antiquus: 


Agriochoerus antiquus: 
auditory bullae. 
Agriochoerus latifrons: 


PLATE LXXVII 
Agriochoerus 


Skull, base, Princeton Mus., No. 11,427. 
Cranial basis, Princeton Mus., No. 11,429, showing varying sizes 


Cranial basis, Princeton Mus., No. 11,255. 


Figures approximately 5/7 Nat. Size. 


8 


Agriochoerus latifrons: 
Agriochoerus latifrons: 
Agriochoerus latifrons: 
Agriochoerus latifrons: 
Agriochoerus latifrons: 
Agriochoerus latifrons: 
Agriochoerus antiquus: 
Agriochoerus antiquus: 
Agriochoerus antiquus: 
Agriochoerus antiquus: 
Agriochoerus antiquus: 


PLATE LXXVIII 
Agriochoerus 


Left scapula, outer side, Princeton Mus., No. 11,255. 
Right humerus, anterior side, P.M., No. 10,492. 
Left ulna, anterior side, P.M., No. 11,255. 

The same, radial side. 

Left radius, anterior side, P.M., No. 11,255. 
Left manus, dorsum, P.M., No. 11,255. 

Left femur, anterior side, P.M., No. 11,427. 
The same, fibular side. 

Left patella, anterior face, P.M., No. 11,427. 
The same, tibial side. 

Left tibia, anterior side, P.M., No. 11,427. 


29 


74. 
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Fig. 8a. antiquus: The same, fibular side. 
latifrons: Left fibula, anterior side, P.M., No. 11,255. 
Fig. latifrons: The same, external side. 
Fig. antiquus: Left pes, dorsum, P.M., No. 11,427. 
Fig. 10a. Agriochoerus antiquus: The same, fibular side. 
Fig. latifrons: Left astragalus, dorsal side, Princeton Museum, No. 11,255. 
All figures approximately 5/7 Nat. Size. 
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THE MAMMALIAN FAUNA THE WHITE RIVER OLIGOCENE 
BERRYMAN AND GLENN LOWELL JEPSEN 


PART V—PERISSODACTYLA 
BERRYMAN 
Order PERISSODACTYLA Owen 


the existing world, only three families perissodactyls remain, the horses, tapirs 
and rhinoceroses, and these only the tapirs occur the Western Hemisphere. the 
older Tertiary, the contrary, the combined areas North America and Eastern Asia 
were the principal region perissodactyl development. Throughout the Eocene this 
continent, perissodactyls were the dominant group, not only hoofed animals, but 
mammals generally. the Uinta, upper Eocene, the artiodactyls, for the first time 
America, began challenge perissodactyl supremacy, coming, presumably, immigrants 
from some other region. 

the Oligocene began the long, slow decline the perissodactyls, 
the complementary rise the artiodactyls, and the White River fauna artiodactyl 
predominance, especially individual abundance, was obvious. The perissodactyls, how- 
ever, continued thrive, giving ground but slowly, though one family after another was 
eliminated. Eight families this order are represented the White River beds, but one 
them, the brontotheres, disappeared after the Chadron substage, and second, the 
helaletids, after during the lower Brulé. The chalicotheres, clawed perissodactyls, 
are not found North America after the upper Miocene, and American rhinoceroses came 
end with the lower Pliocene. Horses and tapirs persisted till the close the Pleisto- 
cene, the former abundant and diversified, the latter rare fossils and varying but little. 

The classification the Perissodactyla substantially agreed upon among palaeon- 
tologists and such differences practice there are, are concerned rather with terms than 
with concepts. The scheme here adopted given the following table which, however, 
includes only groups represented the White River. 


Order PERISSODACTYLA Owen 


Suborder CHELOPODA, nom. nov. 
Section Wood 
Superfamily Tapiroidea 
Family 
Superfamily Rhinocerotoidea 
Family 


Hyracodontidae 
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Section Wood 
Superfamily Brontotherioidea 
Family 
Superfamily Hippoidea 
Family 


Suborder ANCYLOPODA Cope 
Superfamily Chalicotherioidea 
Family 


Suborder CHELOPODA Scott 
Chelodactyla Scott: History Land Mammals the Western Hemisphere, 60; 
1913. 
Chelopoda Scott: Ibid., 2nd ed., 13, 1937. 


These are the normal perissodactyls, with hoofs, contradistinction the Ancylo- 
poda, which the hoofs have been converted into claws. late the middle Eocene 
only the chalicotheres, horses and brontotheres stood out distinctly from the horde 
undifferentiated genera and the earlier part the Uinta stage (upper Eocene) 
the amynodont and hyracodont rhinoceroses appear. the White River stage differen- 
tiation has far advanced, that the various perissodactyl subdivisions are all clearly 
defined. the hoofed section (Chelopoda) are found representatives three rhinocreos 
families and also the helaletids, tapirs, horses, and brontotheres. far North 
America concerned, the White River was the culminating point rhinoceros develop- 
ment, when they were more diversified and relatively more important than any subse- 
quent stage. true that the upper Miocene and lower Pliocene they were again very 
abundant individually, but then only single family was represented, the Rhinocerotidae. 

solitary genus the Helaletidae, Colodon, interesting survivor Eocene 
group, which came end the White River. 

single family and genus the tapirs, the European Protapirus, have been discovered 
this stage and they would seem have been rare then they were throughout their 
history North America, but the apparent rarity is, doubt, due conditions fossili- 
zation, for the tapirs were, all probability, solitary forest-dwellers then, they are today, 
and such habitat unfavorable preservation. 

The brontotheres, which were the predominant group mammals the Bridger, had 
second culmination the Chadron, lower substage the White River. the 
Chadron found astonishing variety elephantine members this group. fluc- 
tuating and variable were these great creatures, that the problem arranging them 
genera and species has not been satisfactorily solved. trace the family has been 
found any beds later than the Chadron. 

The horses were abundant the Oligocene, but not greatly diversified, for not more 
than three four genera and indeterminate number species have been reported and 
all these belong the single family the Equidae. These animals display considerable 
progress within the course the stage, especially larger size. 


7 
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Section CERATOMORPHA Wood 


Tridactyla, Wood: Bull. Amer. Mus. Nat. Hist., Vol. 260, 1934. 
Ceratomorpha Wood: Journ. Mammalogy, Vol. 18, 106, 1937. 


This section includes all the tapirs and rhinoceroses well the indeterminate 
families the Eocene. short, comprehends all the normal hoofed perissodactyls 
except the three families the horses, palaeotheres and brontotheres. From the section 
Hippomorpha they differ having upper molars with the outer cusps convex, flat 
externally and lower molars with transverse crests, though the rhinoceroses the lower 
molars are intermediate type and show vestiges the bicrescentic form. Except for 
the hyracodonts, cursorial rhinoceroses, the animals this section are heavy, short- 
necked and with short limbs and feet. all the genera, from the lower Eocene the 
present day, there are three digits the pes and either three four the manus. 
the ulna fibula reduced vestigial proportions, with the radius and 
tibia respectively. 


Superfamily Tapiroidea Gill. 


Since the Eocene, when this group was varied and abundant, has been narrowly 
restricted single family, which has always been rare and scantily represented among 
the fossils. distinctive this family that cannot properly included any other 
superfamily. 


The particular characteristics this family appear the dentition; incisors and 
canines changed greatly the recorded history the family and the premolars were 
gradually transformed into the molar pattern, but the molars are substantially uniform 
all the known genera. The upper molars have the outer cusps convex externally and from 
them two straight parallel crests cross the crown and are fused with the inner cusps. The 
lower molars are extremely simple and have two straight transverse crests, between which 
the valley open internally and externally. 


Protapirus Filhol. 


Pls. LXXX 
Protapirus Filhol: Ann. Sci. Géol. Paris, Vol. VIII, 131, 1877. 


Wortman and Earle were the first point out, there reason separate the 
European from the American species this genus, all which are much smaller animals 
than any the modern tapirs. The skull Protapirus not half long that 
Tapirus indicus, Tapirella bairdi, the two largest existing species Asia and South 
America respectively, and the proportions the limb-bones are decidedly more slender. 
The changes from the Oligocene the Recent the bony structure the tapirs are 
surprisingly small; save for increase stature and relative stoutness, the changes are 
confined modification the teeth and skull. These modifications would seem have 
been dependent upon the origin and growth proboscis. Apparently the White River 
tapirs had proboscis except, perhaps, incipient stage. These bones confirm Sir 
William Flower’s characterization modern tapirs 


x! 
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Tapirs are decidedly rare the White River beds; skeleton has yet been obtained 
and only two skulls are known, one the museum the State School Mines, Rapid 
City, So. Dak., and the other that Princeton University, the latter accompanied 
bones the fore-leg. the American Museum are several jaws and well preserved 
fore-foot. 


DENTITION 


way introduction, will serve useful purpose indicate briefly the charac- 
teristics dentition seen existing tapirs. all these species only the first lower 
premolar has been lost, giving total number teeth. The third upper incisor and 
the lower canine are enlarged that they may fairly called tusks, the lower one biting 
behind the upper; the other incisors and the upper canine are reduced and very 
the most part, the premolars are molariform, but there some difference this respect 
between the various species; all them, the first upper premolar (pl) smaller and 
simpler than the molars. Usually the other premolars, have the molar pattern, but 
roulini, most primitive existing species, not entirely molariform. 

Protapirus the dentition, though unmistakably tapir-like, decidedly less specialized 


than Tapirus; the dental formula the same the latter, that say: 


Upper Teeth. the Princeton skull, the forward part the premaxillaries broken 
off, leaving only the roots the canines, but the Rapid City specimen, premaxillae and 
incisors are, fortunately, intact, though the teeth are considerably worn. 

The incisors are relatively small and nearly uniform size; the third (i3) already 
the largest the series, though the difference not nearly great Tapirus. 
shape, these incisors are simple, compressed and chisel-like, the crown somewhat exceed- 
ing the root breadth. The six incisor teeth are implanted continuous curve and 
form somewhat more than half-oval. 

The canine, which separated from short diastema, already reduced and 
smaller than any the incisors; relatively, even smaller than most species Tapirus; 
shape, conical and sharp-pointed. 

The four premolars are smaller than the molars and have less complex pattern, 
though the transformation the molar pattern had already begun. Among various 
examples jaws, there are considerable differences the structure the premolars and 
these differences are generally regarded specific value, but large suite specimens 
may, perhaps, show them due individual variation. Hatcher recognizes three 
species the strength premolar characteristics and these species may valid, but, 
the other hand, several genera White River Perissodactyls, such Trigonias, Hyracodon, 
Mesohippus, display remarkable degree variability premolar-structure and 
suggest that the same may true Protapirus. 

Hatcher’s description the upper premolars the Princeton skull, which made 
the type his validus, follows: ‘‘The crown pm. gone from both sides and 
the roots indicate that there was considerable individual variation the size this tooth. 
the present specimen, the one the left side was much the larger and was fixed the 
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jaw two roots; while that the right side was quite small and had only one root. The 
succeeding superior premolars gradually increase size from before backward; they all 
have external and anterior and posterior basal cingula and anterior and posterior cross- 
crests. The internal cone pm. shows smaller median groove, its inner surface; 
indication division, which absent pms. and posterior cross-crest 
pms. and rather better developed than pm. latter tooth has somewhat 
prominent parastyle and its postero-external cone situated trifle farther than the 

this account should added that have two distinct external cusps, from each 
which runs transverse crest, the two crests meeting the single internal cusp. The 
valley between the crests, which, the molars, open internally, thus closed the 
premolars. 

the species obliquidens Wortman and Earle, the internal cusps and are 
single and the posterior crests all the premolars, except pl, are very rudimentary, espe- 
cially and favor the specific distinction simplex the fact that 
occurs the lower Brulé, the other two species the upper Brulé, the Protoceras channel- 
sandstones. 

The Rapid City skull evidently belonged old animal, for the teeth are much 
worn, especially the first and second molars, but all the upper teeth are preserved and 
place. The premolars agree much better with those obliquidens than with those 
validus. The first premolar much the smallest and simplest the series and 
not nearly worn are the others; the single external cusp compressed conical shape 
and there are anterior and posterior styles; the internal cusp crescentic and broad valley 
separates from the outer wall, except the ends. the other premolars 
has two external and one internal cusp; has well-defined anterior cross-crest, which 
none the others has, but the posterior crest represented tubercle. P2, and 
apparently also p4, has conical internal cusp and two intermediate tubercles place 
transverse crests. 

The molars resemble closely those Tapirus; there are two external cusps, which are 
convex the outer side and which the anterior one the larger, and two transverse 
crests, the valley between which opens internally. There very conspicuous parastyle 
the antero-external angle the crown, which continuous with the anterior cingulum. 
The two external cusps are connected form continuous wall, which closes the 
valley the outer side. 

Lower Teeth. The Rapid City skull without lower jaw; there are two mandibles 
the Princeton collection, one which may have belonged the skull validus, near 
which was found. these specimens the incisors are simple and spatulate; when 
unworn, the cutting edges are slightly cupped. The first and second the series and 
are nearly equal size and much larger than the third (i3) which almost much reduced 
the Recent genera. 

The canine varies size among the different individuals, which is, doubt, sex 
character, but none them all comparable the lower tusk Tapirus. The 
much smaller lower canine one the principal differences between Protapirus and the 
Recent genera. 


Hatcher, B., Amer. Journ. Sci., 4th Ser., Vol. 165. 
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The premolars lack the posterior transverse crest the molars; the foremost one (p2) 
the smallest the three and nearly bicrescentic pattern, but the anterior crescent 
hardly more than half large the posterior one. The hinder horn each crescent 
makes transverse crest, thus producing modified form the Tapir premolars. The 
other teeth the series (p3 and are alike, except that slightly larger; each has two 
cones united transverse crest, which notched the middle and, the outer side 
the tooth, the posterior cone connected with the anterior one low ridge, which 
closes the valley externally. The two posterior cones, inner and outer, are not connected 
cross-crest. The hinder half the crown lower than the forward half and this 
difference height and the connecting ridge between the external cusps form distinction 
from the molars and also from the premolars Tapirus. 

The lower molars are closely similar those the modern tapirs, the crown having 
two crests separated valley which open internally and externally; 
there strong cingulum the anterior and posterior faces each crown, but not 
the sides. the White River genus the transverse crests are somewhat more curved than 
Tapirus. The last molar has heel, such appears Colodon. 


SKULL 


before mentioned, only two skulls representative this genus have been obtained; 
that the Rapid City collection, which apparently belongs obliquidens, excellent 
preservation, but lacks the mandible. The Princeton skull, which the type validus, 
has suffered some distortion from lateral compression and has lost the tip the premaxillae 
with the incisors. This skull also without the lower jaw, but another mandible, found 
not far away the same horizon, fits the skull well that may have belonged the 
same individual. description the type his validus is, with slight modifi- 
cation, follows: 

many respects the skull Protapirus resembles that the recent Tapir, especially 
Tapirus roulini, the least specialized all the species modern Tapirs. the type 
specimen validus the occipital condyles are sessile and deep broad. The con- 
dylar foramen placed well forward and inward just opposite the base the paroccipital 
process, which slender styliform bone directed straight downward, much Tapirus 
roulini, but quite different from indicus, which species this process broad and flat, 
with its distal end curved inward. The post-tympanic process long and broad and 
confluent, though not with the paroccipital process. Its lower extremity curved 
forward, abutting against the post-glenoid and entirely enclosing the meatus auditorius 
externus, condition not present any the living Tapirs. The zygoma slender, only 
slightly expanded and nearly parallel with the longer axis the skull. There post- 
orbital process the malar. The floor the orbit much deeper than Tapirus, but 
not quite deep some specimens Elasmognathus [i.e., The infra- 
orbital foramen situated well front the orbit and directly above pm4, the bottom 
deep groove, which commences just above pm2 and runs obliquely backward from this 
point, until reaching the fronto-maxillary suture, where turns abruptly backward and 
terminates the postorbital process the frontal. This groove is, perhaps, homologous 
with similar excavation the surface the skulls modern species Tapir. recent 
tapirs deepest near the base the nasals and its function, has been shown 
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Parker, the lodgement cartilaginous air sinus; very likely served the same purpose 
Protapirus; the apparent and actual change its position having been accomplished 
the shifting the nasals more posterior position recent forms. The greatest depth 
this groove, Protapirus, point just opposite the base the nasals, where 
attains depth mm. and width the top mm. The premaxillaries the 
present specimen are broken off the base the canines: they were strong and had 
extended contact with the maxillaries. 

most striking differences between the skull Protapirus and that the recent 
Tapirs are seen the conformation the superior aspect the skull and the 
position the frontals and nasals with reference the other elements the skull. 
Protapirus the top the skull, from the tip the nasals the occipital crest, nearly 
straight line, while most recent Tapirs somewhat convex and terrestris (Ameri- 
canus) strongly convex, especially the region the parietals and frontals. the 
characters just mentioned, among modern Tapirs, most like Protapirus. 
recent Tapirs the nasals occupy position considerably posterior that the nasals 
Protapirus, which the posterior border the nasal opening directly above the anterior 
border the orbit, while recent Tapirs always back the posterior constriction 
the orbits. 

nasals are slightly injured the present specimen and impossible deter- 
mine their exact length; they could hardly have reached much front the posterior 
border the premaxillaries; they are applied closely each other, but are not 
They are narrow, deep and triangular cross-section anteriorly, but gradually expand and 
present greatly thickened lateral edge posteriorly. the upper surface and little 
front the middle the nasals, there ridge, running from the inner margin obliquely 
forward the outer and giving these bones peculiar twisted appearance. The frontals 
are low and broad, with distinct post-orbital processes; from which temporal ridges extend 
obliquely backward and inward and unite form low, sharp, sagittal crest. The lateral 
edges the frontals, above the orbits, are thickened and bent upward, form the 
external wall the groove above described. The fronto-parietal suture marks the point 
greatest constriction the temporal fossa. The parietals are moderately expanded and 
unite superiorly low, sharp sagittal crest; which becomes broader the region the 
supra-occipitals and gradually expands into the occipital crest, which deeply emarginate, 
and considerably overhangs the occipital condyles. The combined length the parietals 
and frontals Protapirus considerably greater than that the same bones Tapirus 
indicus Elasmognathus bairdii, the two largest species recent Tapirs, notwithstanding 
that skulls either the latter are fully two-thirds larger than the skull Protapirus; 
from this comparison the remarkable reduction the length these modern 
Tapirs becomes apparent. 

Protapirus the anterior border the posterior nares opposite the middle 
The pterygoids are slightly bifid and rather strong. The post-glenoid foramen, 
foramen lacerum medium and foramen lacerum posterius are confluent, much recent 
Tapirs. The petrosal deeply inserted. The tympanic not present our specimen; 
probably was the nature that element recent Tapirs, which, according 
Parker, small and does not become ankylosed the surrounding bones, that 
usually lost the process maceration and rarely seen dry skulls. have never 
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seen it, although have examined about fifty skulls. The foramen ovale the alisphe- 
noid, the base the 

Lower Jaw. lower jaw was found with the type specimen, but mandible 
(No. 10,900 Mus.) found the same locality and the same horizon, agrees perfectly 
size with the type, and have referred the same species and made collateral 
type. The inferior border gently convex, the angle slightly deflected and its border 
turned inward, recent Tapirs. The mental foramen little front pm. and 
the symphysis long and much constricted, 

this excellent description, now possible make certain additions, drawn from 
study the Rapid City skull, which is, some ways, more complete and has suffered 
less distortion from pressure than the Princeton specimen. Viewing the skull from above, 
one immediately struck with the long, narrow brain-case, which much less capacious 
than the modern genera the family and more like the proportions displayed the 
skulls characteristic Eocene genera. The sagittal crest well-defined and very long, 
relatively much longer than such species Tapirus roulini and terrestris, 
which the crest retained and not broadened into sagittal area. The parietals, 
Hatcher noted, are very elongate and, each side, are continued back into wing-like 
process far beyond the line the occipital condyles; the occipital crest emarginated 
the median line between these wings. Such parieto-occipital wings are found many 
White River ungulates, such Merycoidodon and Perchoerus, among the artiodactyls, 
Protapirus and Hyracodon, the perissodactyls, but hardly vestige them remains 
the Recent Tapirs. 

side-view, the great elongation the cranial region, from the anterior rim the 
orbit the occiput, most striking, also the whole middle region the skull, including 
the zygomatic arch and temporal fossa. The arch has more nearly horizontal course, not 
rising high posteriorly. modern skulls the post-glenoid part the cranium rela- 
tively much abbreviated and the conjoined post-tympanic and paroccipital processes partly 
conceal the occipital condyles, when seen from the side, while Protapirus the condyle 
well removed and projects behind the and post-tympanic processes 
are nearly contact ventrally, more nearly the Princeton than the Rapid City skull, 
though both specimens the external auditory meatus much more nearly circular than 
Tapirus, which the two processes the squamosal are more widely separated. 

The greatest differences skull structure between the White River and the Recent 
genera are seen the bony supports the muzzle, which, the latter, are greatly 
modified for the proboscis, while Protapirus, such modification had not advanced nearly 
sofar. Yet, compared with the usual type skull displayed the Eocene 
and Oligocene horses, hornless rhinoceroses, hyrachyids, obvious that the White 
River tapir must have had muzzle very different form and appearance from any 
them. Most probably, there was incipient stage the proboscis the form long, 
flexible and prehensile upper lip. such typical Eocene perissodactyl Hyrachyus, 
the Bridger stage, the nasals are long, extending incisor teeth and are supported 
for nearly their whole length the maxillaries and premaxillaries, the freely projecting 


tips being very short. The anterior nares are terminal and their side walls are formed 
the premaxillae. 


Hatcher, B., Amer. Journ. Sci., 4th Ser., Vol. pp. 163 ff. 
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the other extreme the skull the modern tapirs, which the nasal bones are 
greatly shortened and are reduced small triangular plates which articulate only with the 
frontals and are far removed from both maxillaries and premaxillaries, which meet their 
fellows the median line, forming solid rostrum. The narial opening carried back 
far that its hinder margin above behind the orbits and its sides are formed the 
frontals. extreme modifications are manifestly adapted the support proboscis. 

Protapirus might described having reached the half-way point between the two 
extremes. The nasals are much longer than Tapirus, very much shorter than Hy- 
rachyus, extending the hinder border the premaxillary ascending rami. The incision 
the anterior nares ends front the orbits and walled the maxillaries and this 
makes the free portions the nasals much longer than either Hyrachyus Tapirus. 
the modern tapirs there clear distinction between horizontal and ascending rami, 
such seen Protapirus, which the ascending rami are very long and would reach 
the nasals, were not the narial incision carried far back. 

Thus, far the skull and teeth are concerned, Protapirus is, almost every detail, 
what the ancestor the modern tapirs might expected be. 


SKELETON 


Associated with the Princeton skull are the atlas, humerus, ulna and radius, already 
described Hatcher. Furthermore the American Museum contains nearly complete 
forefoot, figured and briefly described Wortman and Earle. These skeletal remains are 
but they suffice show that the skeleton Protapirus closely similar that 
the Recent members the family, but much smaller and proportionally more slender than 
any the existing tapirs. 

Atlas. The articular surfaces for the occipital condyles are deep; those for the 
axis are only moderate extent and curve inward exteriorly. There short dorsal 
spine and small posterior protuberance the inferior arch. The transverse processes 
are only moderately expanded laterally and posteriorly they extend but little beyond the 
articular surfaces for the axis. There [sic] vertebrarterial canal, and foramina for the 
inferior and superior branches the first spinal nerve. The present specimen agrees 
every essential character with the atlas 

Fore Limb. The humerus proportionally rather strong and does not differ 
materially from that bone recent Tapirs. The head broad and sub-triangular cross 
section; the articular surface continued upon the inner surface the greater tuberosity, 
which much larger than the lesser, and produced, anteriorly, into obtuse point, 
which overhangs the bicipital groove. The deltoid ridge prominent, and without the 
hook seen recent Tapirs. The supinator ridge rather more prominent than recent 
Tapirs. The internal condyle broader and stronger than the external. The anconeal 
fossa deep and the supratrochlear shallow; there intercondylar foramen. The axis 
the trochlea nearly right angles that the shaft. The intercondylar ridge 
prominent and situated well outward, the ulnar articulation being much larger than the 
radial. 

radius and ulna are proportionally rather more slender than the humerus. The 
olecranon not pointed superiorly Elasmognathus, but nearly equal breadth from 
top bottom. The proximal articulations the radius and ulna bear about the same 
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relations each other, and the humerus those (Hatcher, op. cit., 
pp. 166-8.) 

The Manus (A.M.N.H. No. 662) closely resembles that Tapirus, both general 
character and the details structure, but relatively somewhat longer and narrower. 

The the largest the carpal elements; proximally covered the 
subquadrate, slightly saddle-shaped surface for the radius; the ulnar side the bone 
are two facets for the lunar, proximal and distal, which are separated wide sulcus; 
the proximal one these facets rather deeply concave. Distally, the extends 
over the whole proximal side the magnum and the remaining part its distal end 
occupied the trapezoid facet, that for the trapezium being very small and more palmar 
than distal position. 

The lunar high and narrow, with proximal portion much exceeding the distal moiety 
width; for both and pyramidal has superior and inferior articular surfaces. 
The proximal side the bone has broad dorsal portion and much narrower palmar 
projection. the radial side the lunar emarginates the scaphoid and fits snugly into the 
cavity thus formed; consequently, the combined transverse width the scaphoid and lunar 
nearly constant, the palmar widening the scaphoid compensating for the narrowing 
the lunar. Distally, the lunar rests almost entirely upon the unciform; the contact with 
the magnum very limited and infero-lateral rather than distal. 

The pyramidal has its principal diameter the dorso-palmar dimension; the proximal 
end has small facet for the ulna and larger one for the pisiform, which slopes steeply 
downward the palmar side. the radial side there proximal facet for the lunar, 
but the presence distal surface for that bone doubtful, the fixed mounting the 
specimen prevents satisfactory examination. Distally, the pyramidal has concave 
surface for the unciform, but extends somewhat beyond the latter toward the ulnar side. 

The pisiform rather short and nearly uniform breadth, but the proximal end 
somewhat broadened for the articulations. The facet for the ulna slightly concave and 
the smaller the two; the surface for the pyramidal nearly plane, the pisiform resting 
extensively upon that bone. 

The trapezium, Wortman and Earle note, quite different shape from that 
the American Tapir terrestris), being larger than the trapezoid, thick, heavy, and 
triangular form, while Tapirus this carpal slender and elongate. the White River 
animal the trapezium bears facets for the scaphoid, trapezoid and second metacarpal 
(me. 

The trapezoid relatively longer proximo-distally and narrower transversely than 
the modern tapirs and has the usual contacts with the surrounding bones, scaphoid, trape- 
zium, magnum and second metacarpal, and for the latter, has the distal end, large, 
saddle-shaped surface, which convex transversely. 

The magnum larger than the trapezoid; shape, relatively longer proximo- 
distally and narrower transversely than Tapirus; its proximal end almost entirely 
covered the scaphoid, contact with the lunar being minute. The surface for the median 
metacarpal III) saddle-shaped and strongly convex transversely. Contact with the 
second metacarpal very small and limited narrow articular band the infero- 
lateral angle. 

The unciform is, usual, the largest the distal carpals, but slightly exceeded 
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the scaphoid decidedly narrower and more elongate than 
the Recent tapirs. The proximal end divided the facets for the pyramidal and lunar 
and, between these, there conspicuous ridge; the surface for the pyramidal consider- 
ably the larger. the radial side, the facets for the magnum and median metacarpal 
(me. III) are almost continuous, are those the distal end for me. and 

The metacarpus, which consists four members, proportionally more slender and 
elongate than the Recent genus, but the relative lengths the metacarpals are much 
the same the latter. 

The second metacarpal (me. rises little more above the proximal end me. III 
than the modern species, which occasioned the shorter proximo-distal diameter 
the trapezoid Protapirus. The proximal end the narrowest part the bone, being 
somewhat excavated the ulnar side for the reception III. Proximally, me. 
has narrow, concave surface for the trapezoid and appears also have minute contacts 
with the trapezium and magnum. The shaft broadens regularly and very gradually 
the distal end and the widest portion just above the trochlea; shape, this shaft 
trihedral, with broad ulnar side and sharp radial border, which slightly concave, owing 
slight curvature the shaft. 

The third metacarpal the longest and much the widest the series; is, nearly 
all perissodactyls; symmetrical and bisected the median plane the manus. The 
proximal end moderately expanded and wider than any part the shaft, except the 
extreme distal portion. The expansion bears the ulnar side facet for the unciform, 
against which abuts; the distal side the projection oblique facet for me. IV, 
which overlaps. The shaft broad, compared with the other metacarpals, but slender 
comparison with that existing tapirs; widens very gradually downward, but some- 
what more suddenly near the distal end, where the obscure projections for the lateral liga- 
ments give the maximum width. The trochlea very low, lower than Tapirus. 

The fourth metacarpal the counterpart the second, though trifle longer and with 
considerably broader proximal end. the radial side the head the oblique surface 
for me. and, the ulnar side, narrow projecting facet Shaft and trochlea 
differ but little from those me. II. 

The fifth metacarpal is, obviously, remnant which had little functional importance, 
though was, perhaps, serviceable marshy ground. very surprising that this com- 
paratively useless digit should have persisted long and retained almost unreduced 
the modern tapirs. The proximal end somewhat broader than the shaft, except for 
the distal expansion, and thickened and rugose the ulnar side. The surface for the 
unciform very concave and the metacarpal extends far the outer side that ele- 
ment. The shaft trihedral and the reduced counterpart me. II, but the distal trochlea 
even more asymmetrical. 

The phalanges preserved this specimen are the digit Ist and 2nd digit IV, 
and all three digits III and II. They resemble those Recent tapirs form, but are 
relatively shorter. digit the first phalanx short, narrow and thick, tapering some- 
what toward the distal end, where the trochlea flattened. The second phalanx hardly 
half long the first and more depressed; its distal articular surface more distinctly 
divided median depression. The ungual small, and much damaged, that its 
shape indeterminable. 
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digit III the first phalanx much exceeds length and breadth that digit and 
more flattened and depressed; narrows considerably the distal end. The second 
phalanx digit III similar shape, but not more than half long, and the ungual 
too much injured for description. The phalanges digit are substantially like those 
No. II. digit the only phalanx preserved, the proximal one, resembles the corre- 
sponding bones digits and IV, but very much smaller. 

The principal differences this manus from that the modern tapirs are: (1) the 
much smaller size than any existing species; (2) the relatively longer and narrower, 
carpus; (3) the more slender metacarpals, and (4) the shorter phalanges. The unguals 
the only known manus are eroded that their shape cannot made out, but, from what 
remains, there reason suppose that they differed any important way from those 
Tapirus. 

SPECIES 


Three American species Protapirus have been defined, all which were accepted 
Hatcher. far can judged from the scanty material yet available, these supposed 
species appear distinct, but larger suite specimens might show them con- 
nected intergradations. Among perissodactyls, premolar differentiation generally 
uncertain basis for distinction, great the range individual variation, and 
trusting too implicitly this criterion has led the creation impossible number 
species. The number species mammalian genus that can live together the same 
time and place narrowly limited, but there often difficulty determining just how 
many varieties did co-exist and how many were successive rather than contemporaneous. 
this uncertainty which often makes the problem the species fossil mammals 
well-nigh insoluble. 

Hatcher’s key the American species Protapirus follows: 


Internal cone all the superior premolars absolutely simple, showing signs division, with very 
rudimentary signs posterior cross-crests, especially pms. and 4................. 

Internal cone the fourth superior premolar just commencing divide, posterior cross-crests moder- 
ately developed all the last three superior validus. 

Internal cones last two superior premolars commencing divide, posterior cross-crests the last 
three superior premolars like intermediate 


Protapirus simplex Wortman and Earle 
Protapirus simplex E., Bull. Amer. Mus. Nat. Hist., Vol. 168, 1893. 


The formal diagnosis this species quoted Hatcher his key. The principal 
specific character, the name implies, the simplicity the premolar teeth and the 
absence any sign division the inner cusp the upper premolars. 

The original description this species follows: 

crown the first superior premolar absent, its roots indicate that must 
have closely resembled that obliquidens. The internal cones the remaining pre- 
molars are round and obtuse; these lobes are perfectly simple structure and are connected 
front with oblique transverse crest. the second premolar the anterior crest 
rudimentary; this tooth has, however, the posterior crest more developed than the 
succeeding premolars. The external lobes the last two premolars are round and ob- 
tuse. both these teeth there faint trace external cingulum the postero- 
external border. 
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first two premolars the lower jaw are partially preserved. These teeth are 
much smaller than those 


Upper premolars, length................ mm. transverse diameter................. mm. 
antero-posterior diameter............ Length first two lower premolars...... 
Horizon: Upper part Lower Brulé. 
Localities: Big Bad Lands South Dakota. 


Protapirus obliquidens Wortman and Earle 
Pl. LXXX, Fig. 
Protapirus obliquidens E.: Bull. Amer. Mus. Nat. Hist., Vol. 162, 1893. 


The original diagnosis this species reads: Last two superior premolars with internal 
lobes notched apex, first and second superior premolars with internal cone single. Sec- 
ond superior true molar with metaloph very short and oblique. Median valley superior 
true molars not opening externally, 

Wortman and Earle’s description may summarized follows: 

Dentition. Upper Teeth. The first premolar (pl) has two external lobes which 
are scarcely separated and are nearly equal size; the internal cusp single and cres- 
centic shape, and symmetrical position, the cingulum confined the postero-internal 
part the crown. The three following premolars, have two well-developed external 
cones which are more flattened than Tapirus; has only one internal cone and very 
short anterior cross-crest, but distinct posterior crest, which, Hatcher pointed out, 
is, replaced tubercle, separate from the postero-internal cone. There 
antero-external style and the cingulum prominent the posterior side the 
crown, but not elsewhere. The third premolar (p3) much larger than the second, but 
with very similar cuspidation, and has the antero-external style (parastyle) and cingulum 
almost The fourth premolar, p4, slightly shorter antero-posteriorly 
and broader transversely than and has much larger parastyle, but otherwise similar. 

quite loss understand the statement Wortman and Earle that 
posterior transverse crest these teeth, i.e. and straight and extends completely 
across the ‘‘In all the known species Protapirus the posterior crest the pre- 
molars much shorter and straighter than the 

The figure the upper premolars obliquidens given these writers (Fig. 
163) not accord with this description, but agrees much better with Hatcher’s account, 
that ‘‘the posterior cross-crests the last three superior premolars lack intermediate 
tubercles.”’ 

The first molar this species not preserved the type-specimen, but the 
second one (m2), which very perfect state preservation, displays the peculiarity, 
which Wortman and Earle call attention, having the posterior half the crown much 
narrower transversely than the anterior half. 

The Rapid City skull seems referable this species, though differs considerably 
from the type; some extent, this difference appearance due abrasion, for the 
specimen the South Dakota School Mines old animal, with much worn teeth. 
This skull contains the only known examples the upper incisors and canines and these 
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have been described the account the genus. The first premolar differs from that 
the type having the two external cusps very different size, the anterior one being very 
much smaller; the internal crescentic cusp displayed posteriorly, making the tooth asym- 
metrical. The second premolar seems have transverse crests all, but two large and 
three small cones; the larger cones are segments the incomplete anterior crest and the 
small conules are grouped around the antero-internal cusp the manner shown the 
drawing (Pl. Fig. The third premolar, which considerably more worn than 
the fourth, has what appears, its abraded condition, well-developed anterior 
crest, but posterior one, which represented intermediate tubercle. the 
anterior crest less perfect than that p3, but that may due the less worn condition, 
which has not united the parts the ridge. this tooth also there posterior crest, 
but intermediate tubercles. 

The first two molars are much worn, the second (m2) more than the first (m1), which 
exceptional; still has distinct remnant the anterior crest, while has lost all 
trace both crests. m2, and still more m3, the posterior half the crown narrower 
transversely than the anterior part. 

Lower Teeth. The incisors are smaller and more flattened than Tapirus terrestris; 
the median one larger than the others and the lateral one (i3) very small; the canine, 
though larger than the incisors, yet much smaller than the Recent tapirs. The cheek- 
teeth are much abraded have lost their characteristic features, but the last molar 
(m3) has the remnant heel, fifth lobe, which decidedly larger than validus 
Hatcher. 


Upper premolar series, length........... mm. 260 mm. 
Upper p4, ant.-post. diam............... 
Upper p4, transverse diam.............. Cheek-teeth series, length............. 108 
Upper m2, ant.-post. diam.............. Molar series, length................... 
Upper m2, transverse diam............. 


The only known manus referable Protapirus the one found association with the 
type this species. The measurements, therefore, are given herewith. 


MEASUREMENTS (A.M.N.H. No. 662) 


Metacarpal II, length rad. bord...... mm. Digit II, phalanx length............ 
Metacarpal II, width Digit II, phalanx prox. width........ 
Metacarpal II, width dist. end shaft.. Digit II, phalanx length............ 
Metacarpal II, width dist. trochlea...... Digit II, phalanx prox. width........ 
Metacarpal III, length median line... 100 Digit phalanx prox. width........ 
Metacarpal III, width prox. end...... Digit III, phalanx length............ 
Metacarpal III, width dist. end shaft.. Digit phalanx prox. width....... 
Metacarpal III, width dist. Digit III, phalanx length............ 
Metacarpal IV, length median line.... Digit III, phalanx prox. width....... 
Metacarpal IV, width prox. end...... 16.5 Digit III, phalanx prox. width....... 
Metacarpal IV, width dist. end shaft.. Digit IV, phalanx length............ 
Metacarpal IV, width dist. Digit IV, phalanx prox. width....... 
Metacarpal length ulnar Digit IV, phalanx length............ 
Metacarpal width prox. end....... Digit IV, phalanx prox. width....... 
Metacarpal width dist.end shaft... Digit phalanx length............. 


Metacarpal width dist. Digit phalanx prox. width........ 
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Dimensions the Rapid City skull, which presumably referable this species, are 
given the table below. 


MEASUREMENTS 

Skull, length cond. 287 mm. ant.-post. mm. 
Upper dentition, length 154 transverse diameter............... 
Upper incisor series, length............ P2, ant.-post. diameter....... 
ant.-post. diameter................ P3, transverse diameter............... 19.5 
I2, transverse diameter................ P4, ant.-post. diameter................ 
ant.-post. diameter................ P4, transverse diameter............... 
transverse diameter................ M1, ant.-post. diameter............... 
Upper canine, ant.-post. diameter....... M1, transverse diameter.............. 
Upper canine, transverse diameter...... M2, ant.-post. 
Upper premolar-molar series, 104 M2, transverse diameter.............. 
Upper premolar series, length.......... M3, ant.-post. 
Upper molar series, length............. M3, transverse diameter.............. 


N.B. Because overlapping, the premolar and the molar series measure less than the combined 
antero-posterior diameters the individual teeth. 


Localities: Big Bad Lands South Dakota. 


Protapirus validus Hatcher 


Pl. Figs. 1-1b; Pl. Fig. 
Protapirus validus Hatcher: Amer. Journ. Sci., 4th Ser., Vol. 162, 1896. 


This species which occurs the same geological horizon the preceding one seems 
distinct, the premolars are very different and the heel the last molar dis- 
tinctly smaller. the same time, must recognized that larger number specimens 
might show that the supposed differences were due rather fluctuating individual 
variations. From present information, however, that does not seem probable. 

the type specimen, which contains the only known upper dentition, the crown 
the first premolar has been broken away both sides and there marked difference 
the roots; the left side the tooth much larger and inserted two roots, while, 
the right side, the smaller crown implanted single root. Premolars have 
anterior and posterior cross-crests, though the posterior ridge rather less complete 
than and but the other hand, the internal cusp the latter shows incipient 
division into two median vertical groove, which not indicated 

The upper molars differ from those Tapirus having the posterior transverse crest 
considerably shorter than the anterior one and therefore the hinder half the crown 
narrower than the forward half, but the difference not great obliquidens. 
the inferior dentition, specific differences seem confined m3, which, the present 
species, has vestige talon, merely inconspicuous cingulum. 

Protapirus simplex more ancient and comes from lower stratigraphic level than 
the other two species and may, therefore, very well have been ancestral both the latter, 
although Hatcher referred this species mandible found the Protoceras sandstones, 
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because its premolars, which are simpler than those validus. Such survival 
simplex would not objection its supposed ancestral position. this head, 
Hatcher writes: ‘‘From these and other characters simplex appears have been the 
ancestor validus and obliquidens. There seems little doubt that the former 
direct successor simplex, while the latter has been derived from that species either 
directly through validus some other yet unknown form with all its characters 
(Loe. cit., 163.) 

The few limb- and foot bones which have been found association with one other 
the type specimens, display such differences need taken into consideration. 


(Type, No. 10,899) 


Upper diastema, length............... M2, transverse diameter.............. mm. 
Upper cheek-teeth series, length........ 102* M3, ant.-post. diameter............... 
Upper premolar series, length.......... 49* M3, transverse diameter.............. 
Upper molar series, length............. Skull, length from canine oce. cond..... 242 
ant.-post. diameter................ Skull, length frontal and 151* 
P2, transverse diameter............... Skull, width over postorb. proc.......... 73* 
P3, transverse diameter............... Humerus, distal width................ 
P4, transverse diameter............... Radius, proximal width............... 
ant.-post. diameter............... Radius, distal width.................. 
M2, ant.-post. diameter............... Ulna, length olecranon.............. 


Approximate. 


MEASUREMENTS (Paratype, No. 10,900) 


Lower diastema, length............... mm. ant.-post. mm. 
Lower cheek-teeth series, length........ 103 P4, transverse diameter................ 
Lower premolar series, length.......... ant.-post. diameter................ 
Lower molar series, length............. transverse diameter............... 
ant.-post. diameter................ ant.-post. diameter................ 
transverse diameter............... transverse diameter............... 
P3, ant.-post. diameter................ ant.-post. diameter................ 
P3, transverse diameter............... M3, transverse diameter............... 


Horizon: Protoceras sandstones upper Brulé substage. 
Localities: Big Bad Lands South Dakota, North and South Cheyenne River. 


Superfamily Rhinocerotoidea Gill. 


the present time, only single family, the Rhinocerotidae, True Rhinoceroses, 
has survived from once highly diversified and widely distributed group. Its modern 
range has been restricted the warmer parts Asia and Africa, but, the Oligocene 
epoch, extended all around the Northern Hemisphere and, the continents Europe, 
Asia and North America, was one the most varied and numerously represented 
mammalian groups. When entered Africa has not yet been learned, and that continent 
the only region the Southern Hemisphere which has extended; South America 
and, course, Australia, have yielded remains rhinoceroses. 

Four clearly distinguished subdivisions the superfamily existed the White River 
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stage, the helaletids and three groups rhinoceros-like genera, which are sometimes reck- 
oned families and sometimes subfamilies, but, while there are advantages either 
course, is, opinion, the best and most consistent arrangement, admit three 
families, one living and two extinct. With all their diversification, the three divisions 
the superfamily are obviously more nearly related one another than they are any other 
perissodactyls; they are all unmistakable rhinoceroses and all have the characteristic 
molar teeth. Much superficial difference the skull occasioned the presence 
absence horns, their number, position and size, whether paired unpaired, single 
double, placed the nasals the frontals, both, very small enormously elongate, 
but the fundamental type always recognizable. 

The position the Helaletidae open question and may more properly refer- 
able the superfamily Tapiroidea than the Rhinocerotoidea, for such early, 
unspecialized group that has resemblances both the superfamilies. Colodon was 
manifestly straggler from the Eocene, which died out the lower Brulé, leaving 
descendants. 


Family Osborn 


Helaletidae, Osborn: Bull. Amer. Mus. Nat. Hist., Vol. IV, 127, 1892. 
Hyrachyidae, Wood: Bull. Amer. Mus. Nat. Hist., Vol. 181, 1934. 


The only known Oligocene genus which referable this family Colodon Marsh, 
the dentition which nearly resembles that Protapirus that seems absurd place 
the two genera separate families and still more refer them different superfamilies. 
The arrangement here adopted merely provisional and may prove temporary; 
when shall have become possible trace both tapirs and true rhinoceroses back into the 
middle Eocene and marshall the horde forms orderly array, may turn 
out that the tapirs and the three families rhinoceroses all arose from this family. that 
event, will necessary keep the family separate, here done, and not merge 
with any its descendants, but will not referable either the superfamilies, being 
equally related both. That the reason for including both superfamilies the section 
which, far present knowledge extends, natural group, 
also the Hippomorpha, which began separate from the unspecialized mass even 
earlier 


Colodon Marsh 
(Pl. 


Lophiodon Leidy (nec Cuvier); Proc. Acad. Nat. Sci. Philad., 1868, 232. 
Colodon Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 524, 1890. 


This genus interesting survival Eocene group and finds its nearest analogues 
the Bridger genera Hyrachyus and Helaletes. The likeness dentition Protapirus 
may, may not, example convergence; the solution that problem must await 
the determination the phylogenies. 

Hatcher’s definition the genus reads: ‘‘distinguished from Protapirus, which 
most resembles, the presence fifth cusp the last inferior molar; the reduction 
the number lower incisors two either side; the more molariform superior 
premolars and the shape the postero-external cone the superior molars, which 
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the present genus concave its external surface. The second superior premolar 
proportionately very much shorter Colodon than (Loc. cit., 169.) 

the original description the genus Marsh assumed that the missing teeth were 
canines, not incisors, and this assumption supported fresh material, discovered since 
Hatcher wrote, though cannot pretended that the question definitely settled. 

The upper molars resemble those the Eocene genus Hyrachyus having the antero- 
external cusp convex and with prominent anterior style, such the tapirs possess, while 
the postero-external cusp concave, thus differing from the molars both tapirs and 
rhinoceroses and, sense, intermediate between them. further resemblance the 
Eocene genus seen the presence talon the last lower molar, such nearly 
all the helaletids and the European lophiodonts possess. Colodon, however, the talon 
reduced and varies size the different individuals. 

The remains Colodon are rare, like those Protapirus, and those far discovered 
are fragmentary; the permanent dentition fully known, but complete skull, even 
perfect mandible, has yet been collected. Despite this great rarity, less than five species 
have been named, but, Hatcher has shown, probable that not more than two should 
recognized, though, possibly, third distinct. 


DENTITION 


here interpreted, the dental formula is: i3/3, p4/3, m3/3. 

Upper Teeth. The six incisors, the homologies which there can doubt, 
form close-set curve somewhat more than half The median incisor, il, 
slightly larger than the second, i2, and the lateral, i3, the smallest the series; shape, 
they are all alike, with low, broad crowns, which are almost human appearance. 
the lingual side each one has extension, upon which there low cingulum, somewhat 
like the incipient the upper incisors the White River horse, Mesohippus. 
Externally the upper incisors Protapirus resemble those Colodon, but they are slightly 
narrower and more spaced apart and they lack the lingual extension. 

The upper canine greatly reduced and more than slender vestige; has, 
yet, been observed only occidentalis, the smaller and more ancient species, while the 
available specimens dakotensis show sign it. Apparently, the presence ab- 
sence this vestigial canine species character, but the number known jaws too 
small permit decision this question. 

The premolars are all smaller than the molars and differ from them appearance, 
but except the first they have all the elements the molar crown. The two species 
which Hatcher vecognized, occidentalis Leidy and dakotensis Osborn and Wortman, 
differ considerably the degree separateness the internal cusps. The first premolar 
much the smallest the series and less nearly molariform than any the others; 
the crown roughly triangular, the posterior half much broader transversely than the 
anterior. Cuspidation differs markedly the two species; the larger dakotensis there 
are two external cusps, though the anterior one more like style than cusp; there 
postero-internal cusp and minute antero-internal tubercle arising from the cingulum; 
there transverse crest and the shallow valley longitudinal and open both ends. 
occidentalis the single external cusp without style and forms elongate wall 
and there antero-internal tubercle; valley and postero-internal cusp are much 
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dakotensis. The succeeding premolars, are very much larger than and are 
nearly uniform size and cuspidation, though increasing slightly size posteriorly. The 
two external cusps are closely connected and are both convex the outer side, marked 
difference from the molars, though the postero-external lobe nearly plane. Another 
difference from the molars seen the very small size the antero-external style, 
which scarcely perceptible. The transverse crests are low and the two internal cusps 
are close juxtaposition, closing the valley internally, but, unworn teeth, the apices 
the cones are distinct, and more dakotensis than the former 
species also the cingulum much better developed and continuous all around the tooth, 
while the latter almost absent from the inner side. 

Altogether, the premolars Colodon are distinctly more nearly molariform than they 
are Protapirus. 

The upper molars clearly distinguish Colodon from Protapirus and show that 
referable different family, the Helaletidae, Hatcher pointed out. The anterior half 
the molar-crown tapir-like, with very large parastyles and convex antero-external 
cusp, but, the Eocene helaletids, the postero-external lobe The two 
internal cusps are indistinguishably fused with the high transverse crests and the valley 
widely open between them. Because the shape the postero-external lobe, the 
posterior transverse crest line with the outer wall, from which 
very low ridge; this ridge least conspicuous m3. 

Lower Teeth. The mandibular dentition much more nearly like that Protapirus 
than the superior maxillary series. The presumably three number, each 
side, are closely appressed curved series six teeth; the doubt whether the last tooth 
reduction, complete loss the upper canine, though, must admitted, that not 
conclusive reason. Marsh, his original description the genus, gave the number 
lower incisors two, determination which Hatcher accepted; had the upper incisors and 
canines been known when these accounts were written, their authors would probably have 
reached different conclusion. present, there seems way deciding this 
question with certainty. 

Seen from, the front, these teeth have much the same appearance the upper incisors, 
but the lingual side very different, there posterior prolongation, cingulum, 
indication the The unworn crown wedge-shaped, thick the base and 
contracting sharp edge; this cutting edge speedily removed abrasion. 

The premolars, three number, are not altogether molariform. The foremost one 
(p2) is, Hatcher was the first show, conspicuously smaller than the same tooth 
Protapirus and less like molar than and and the two species differ the details 
cuspidation, but, both, the posterior half the crown lower than the anterior half 
and like basin-shaped talon. 

The second tooth the series (p3) much larger than the first and somewhat more 
molariform, the anterior crest more complete and the ridge from the antero-external cusp 
smaller and the valley hardly more than indicated; there posterior crest, internal 
and external cusps remaining separate. low wall connects the two outer cusps, blocking 
the valley larger than p3, but otherwise like it. 
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All the premolars have external cingulum, which more prominent dakotensis 
than occidentalis. 

The molars resemble those the Eocene genera, Heptodon, Hyrachyus, Helaletes, etc., 
well the modern Tapirs, having two simple, transverse crests and, between these, 
valley which widely open inwardly and outwardly. The transverse crests are not quite 
straight, perfectly parallel they are Recent tapirs, but diverge slightly toward 
the lingual side and the posterior ridge curved. The molars increase size posteriorly 
and the last one (m3) has small, but distinct talon, fifth cusp, which induced Leidy 
refer these fossils the European genus Lophiodon. The talon relatively larger 
occidentalis. 

Milk Dentition. None the upper temporary teeth have been found, but the New 
York and Princeton collections are several fragmentary mandibles with 
temporary premolars. The best-preserved these are the jaw-fragments described and 
figured Hatcher (Princeton Mus. Nos. 10,506 and 10,507). No. 10,506 has two decidu- 
ous premolars place, the crown dp2 having been broken off and lost, and beneath them, 
concealed the jaw, are the rootless crowns the three permanent premolars; there 
evidence more than three milk premolars. The first molar place and the second 
beginning erupt. No. 10,507 there are three milk-premolars and coming into 
place. The foremost milk-tooth (dp2) resembles its permanent successor (p2) but the 
others are like the first and second molars. Hatcher remarked, the germs the per- 
manent teeth and m1) occupy places considerably behind those which they would 
have eventually filled. erupting, they would have moved forward, well upward. 


SKULL 


well-preserved skull has yet been discovered, only the premaxillaries, maxillaries 
and most the mandible are known. The fragmentary remains show little that charac- 
teristic but some respects the skull Colodon strongly distinguished from that 
Protapirus. the former, the maxillaries are constricted sharply the edentulous space 
between incisors and premolars, broadening again, with the premaxillae, afford space for 
the six relatively large incisors. The hard palate very concave and broadens backward, 
causing the two rows cheek-teeth diverge that direction. The posterior nares are 
far forward, and their raised border line with p4. The ascending rami the pre- 
maxillae are contact and seem co-ossified, but this not altogether certain. Though 
the nasal bones are not preserved, the dorsal border the maxillary shows thalt the incision 
the anterior nares carried far back, perhaps far Protapirus. 

Most the characters the Colodon skull, above enumerated, are not displayed 
Protapirus, which the upper jaw not constricted advance the premolars, but 
narrows forward very gradually, and the premaxillae have anterior broadening. The 
two tooth-rows are nearly parallel and the palate widens but little and not concave 
Colodon. The posterior nares have not such advanced position, the border being 
behind the middle ml. 

the mandible, only that part the horizontal ramus preserved which the cheek- 
teeth are inserted; the ramus relatively larger and heavier than Protapirus. 
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SKELETON 


American Museum specimen occidentalis has well-preserved fore foot, 
humerus, radius and part ulna associated with and the Princeton collection 
ungual, which was figured Hatcher and forms part individual 

The humerus has but general resemblance that Hyracodon and lacks the un- 
mistakably rhinocerotic characters which the latter displays. The external tuberosity 
very large and extends for the whole breadth the proximal end, concealing head and 
bicipital groove front-view, though relatively low and rises but little above the head. 
The internal tuberosity very small and what its name implies, merely rough tubercle; 
the bicipital groove very wide and rather shallow. The shaft comparatively slender 
and transversely narrow throughout, except for the distal widening; the proximal end 
the shaft thick antero-posteriorly, but the thickening diminishes rapidly downward. 
There distinct deltoid crest, and the deltoid hook, characteristic rhinoceroses, 
even including the hyracodonts, but slightly indicated. 

Though broader than other parts the shaft, its distal end and epiphysis are relatively 
narrow; the supratrochlear fossa large and shallow and the bone imperforate; the 
anconeal fossa, the contrary, narrow and very deep; the epicondyles are obsolete, 
though there very small vestige the inner one. The trochlea bears considerable re- 
semblance that Hyracodon and is, therefore, very different from that the tapirs and 
the large rhinoceroses, both Tertiary and Recent. even less symmetrical than 
the genera mentioned, owing the broader internal segment, which also has greater 
proximo-distal diameter; the intercondylar ridge decidedly more prominent and projects 
more distally but not shifted far toward the ulnar side Hyracodon. the tapirs 
and large rhinoceroses there intercondylar ridge and the trochlea has smooth hour- 
glass shape. The fore arm bones are described Wortman and Earle follows: 

nearly complete radius with the proximal part ulna, preserved. The former 
closely resembles that the tapir, but shorter and more slender. The proximal 
trochlear surfaces are deep, that for the internal condyle the humerus, usually the 
case with early forms, oblique position. The distal facets the radius for the scaphoid 
and lunar are rather more pronounced than the recent tapir. distal portion ulna, 
showing section its shaft, associated with this specimen. great interest 
note that the ulna much reduced size Colodon and agrees with the specialization 
the manus approaching monodactylism.” (W. E., loc. cit., 176.) 

The manus Colodon remarkably slender and elongate and indicates that, 
Wortman and Earle suggested, this genus was the way monodactylism, resembling, 
this respect, Hyracodon among the rhinoceroses. The carpus high and narrow and 
palmo-dorsally shallow, differing markedly proportions from that Protapirus. The 
scaphoid relatively large, almost equalling the unciform size; the proximal surface for 
the radius slightly concave transversely and reflected downward upon the ulnar side. 
that side also the scaphoid has two facets for the lunar, one proximal, the other distal, 
separated broad sulcus. Distally, the covers the whole proximal end the 
magnum. The facet for the trapezoid and concave and there appears 
contact with the trapezium. 

The lunar high and narrow, the distal portion being especially contracted; the radial 
surface convex palmo-dorsally and the palmar extension very much smaller than 
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the lunar rests entirely upon the unciform, the limited contact with 
the magnum being lateral; the unciform facet oblique and slopes distally toward the 
radial side. 

The pyramidal notably small, especially its proximal end, which narrow transversely 
and thin palmo-dorsally, and the ulnar facet especially reduced; the distal contact is, 
usual, with the unciform only. 

The pisiform has been lost, have also the trapezium and trapezoid; facet the 
second metacarpal indicates that the trapezium was attached the head that bone 
the radial side. Facets the surrounding bones, scaphoid, magnum, and second meta- 
carpal, show that the missing trapezoid was small and narrow, with its principal dimension 
the dorso-palmar one. 

The magnum also high and narrow; its proximal end covered entirely the 
scaphoid; the distal moiety the radial side conspicuous facet for process from the 
head the second metacarpal and the ulnar side occupied the large, oblique surface 
for the unciform; the distal end has saddle-shaped facet for metacarpal III. 

The unciform the largest bone the carpus, slightly exceeding the scaphoid size, 
and, like all the other carpals, narrow and proximo-distally elongate. The proximal 
end unequally divided between the facets for the lunar and the pyramidal, the latter being 
broader and less oblique. The articular surfaces the radial side for the magnum and the 
process the third metacarpal form continuous oblique and slightly curved line, when 
seen from the front. The distal end covered the facet for the fourth metacarpal, 
but very small disto-lateral surface indicates that the missing fifth metacarpal was greatly 
reduced and may have been more than vestige. 

The metacarpus consisted, presumably, four members, though but three are pre- 
served connection with the only available manus (Amer. Mus. Nat. Hist., No. 658). 
These bones are very long and slender, especially the laterals (me. IV), which are 
unequal lengths. noted Wortman and Earle, there evident tendency mono- 
dactylism, which was cut short the extinction this whole line. The median meta- 
carpal (me. III) much broader than the laterals and antero-posteriorly compressed, but 
is, nevertheless, very slender proportion its length. The proximal end the widest 
part the bone, which broadens very gradually downward and ends low trochlea. 
The proximal end has extensive lateral contact with the unciform, but hardly overlaps 
the head me. all. 

The second metacarpal very slender and shorter than the fourth; part, the ap- 
parent shortness due the more elevated position the proximal end the carpus, 
but the bone actually shorter, though but slightly so. The shaft tapers the middle, 
where very slender, and thence expands gradually the distalend. The carpal articu- 
lation with the trapezoid, that with the magnum being much reduced, and, the palmar 
side, small facet for the trapezium. 

The fourth metacarpal likewise very slender, but differs from the second being 
slightly longer and nearly uniform width throughout. Metacarpal has not been found, 
but the facet for the unciform indicates that was present greatly reduced form 
and, presumably, was vestigial. 

The notable tendency monodactylism this manus misled Osborn and Wortman into 
referring Colodon the specimen which they had originally named Mesohippus longipes. 
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The phalanges are very short compared with those the Eocene members the 
family; ungual associated with fragmentary specimen dakotensis the Princeton 
collection, evidently belonged median digit and resembles the corresponding bone 
Tapirus. Phalanges found connection with jaws occidentalis (Princeton Mus. No. 
12,595) which are unguals the median digits manus and pes were, almost certainly, 
accidentally associated with the remains Colodon and are referable Mesohippus, the 
White River horse. The manus the American Museum, above described, has unguals 
the second and third digits; that digit intact and seems resemble the same 


bone Protapirus, though the only known specimen the manus the latter, the 


ungual incomplete. both genera this phalanx lacks the palmar projection con- 
spicuous Tapirus. 

There very striking resemblance the structure and general appearance the 
manus between Colodon and its contemporary cursorial rhinoceros Hyracodon, resemblance 
which can due only parallel development. Colodon the fore foot even narrower 
and more elongate proportionally, and there are many minor differences carpus and 
metacarpus. The lunar shifted far toward the ulnar side greatly reduce the con- 
tact with the magnum the dorsal side: there dorsal contact and the line between 
scaphoid and lunar curves downward, without interruption, between magnum and unciform 
the radio-distal angle the latter. Hyracodon the joint bricklayer’s 
phrase, the very restricted dorsal contact between lunar and magnum. Colodon the 
elements the second carpal row are decidedly longer proximo-distally than Hyra- 
codon; this conspicuously true the unciform and magnum, and that was equally 
the missing trapezoid, shown the space, which formerly occupied, between the 
and the head me. II. 

Colodon, the metacarpus relatively elongate and the median one, me. III, more 
slender than Hyracodon, though the actual length but slightly less (109 120 mm.); 
the laterals (me. and IV), the contrary, are stouter and less reduced, though shape 
and carpal connections the two bones are nearly identical the two genera, except that 
Colodon me. has somewhat larger contact with the magnum and me. III with the 
unciform. 


Hinp LEG AND Foor 


The only portion the hind leg that has been identified the distal end the tibia, 
which associated with the pes (A.M.N.H. No. 10,751). This bone also has considerable 
resemblance the corresponding part the tibia Hyracodon; the inner groove for the 
astragalus narrow and deep, the external one broader and incomplete without the 
fibula; the internal malleolus less massive and projects less toward the internal side; the 
intercondylar ridge low and wide and the dorsal tongue which ends truncate and 
has flattened distal end, which, extreme flexion the foot, fits into depression the 
neck the astragalus. Here also the resemblance Hyracodon striking. 

fortunate circumstance that well preserved astragalus associated with the 
manus above described (A.M.N.H. No. 658) for serves identify, unequivocal fashion, 
nearly complete hind foot (A.M.N.H. No. 10,751); the two specimens the astragalus is, 
nearly possible, identical. 

The astragalus tapiroid character, short proximo-distally and broad transversely, 
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with asymmetrical, deeply grooved, and wide open trochlea; the internal condyle rather 
narrower than the external, and continued distally junction with the navicular facet, 
from which the outer condyle widely removed. The external calcaneal facet oblique 
and deeply concave, and the surface for the sustentaculum narrow and gently convex 
proximo-distally. The distal end the astragalus almost entirely covered the sub- 
quadrate, saddle-shaped facet for the navicular; that for the cuboid narrow and oblique 
and extends from the dorsal the plantar border. 

the astragalus, Wortman and Earle write: only one podial element the 
tarsus preserved, the astragalus. This bone closely resembles that the tapir its general 
form. The trochlear surface rather broad and shallow, the navicular much ex- 
tended from above downward, and convex. The astragalo-cuboid facet, unlike that 
Heptodon, elongated and extends anteriorly all across the anterior external margin 
the this character the astragalus Colodon resembles that the true tapirs. 
The sustentacular inferior facets the astragalus differ from those the tapir being 
continuous and the junction these two facets there prominent E., 
op. cit., 177.) may say that, whole, the foot structure, especially the 
manus Colodon occidentalis, more specialized than its contemporary Protapirus ob- 
liquidens; this shown the small size the lateral digits, and the reduction the 
(p. 178). 

the calcaneum, only the distal end remained, from the external astragalar facet 
distally; this portion the bone unusually long and has parallel dorsal and plantar 
borders. The surface for the cuboid somewhat irregular and warped, very slightly con- 
cave transversely the plantar portion this facet considerably wider than the dorsal part. 

The cuboid long and narrow and its proximal end much wider than the distal, which 
articulates only with the fourth metatarsal. The surface for the astragalus narrow, 
oblique, and slightly concave; the tibial side there are two facets, larger proximo- 
plantar one for the navicular and smaller dorso-distal one for the ectocuneiform. The 
hook-like process from the plantar side the cuboid short and massive, much shorter 
than Hyracodon. 

The navicular has greater proximo-distal diameter than has that Hyracodon, but 
otherwise like it; the proximal end entirely covered the concave surface for the 
astragalus; the principal facet for the cuboid narrow articular band the fibular side 
along the plantar border, for the whole proximo-distal diameter and, addition, there 
very small cuboid facet the distal end the fibular side, near the dorsal border. 
the distal face there are three distinct facets for the cuneiforms; that for the vestigial ento- 
cuneiform extremely small and confined the tibio-plantar angle the distal end. 
The surface for the mesocuneiform much larger and slightly convex, while the ecto- 
cuneiform facet larger than the other two combined; very broad dorsally, surface has 
narrow extension toward the plantar side. 

The very curious and exceptional bone, agreeing with that 
Hyracodon, that the description the latter which wrote may translated for 
comparison: ‘‘The entocuneiform very large and has extraordinarily peculiar shape. 
The proximal part forms broad, oval and flattened, scale-like bone, from which long, 
but narrower, process given off. The latter extends downward, but also curved toward 
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the fibular side the foot and extends beneath the cuboid; its free end thickened and 
triangular shape, with the tip directed toward the tibial side. This bone articulates 
proximally with the navicular, dorsally with the mesocuneiform and second metatarsal, 
and the distal processs small facet for the projection from the upper end the second 
metatarsal. Despite its size and importance, this bone altogether plantar position 
and visible front-view the pes.”’ 

This description needs but little modification, applicable Colodon, which the 
entocuneiform relatively considerably larger and somewhat different shape. The 
proximal, scale-like portion very similar, but, beneath the distal contraction, expands 
again into even broader moiety, which almost right angles with the proximal 
scale-like half and presents laterally, instead planto-dorsally; the dorsal border nearly 
straight, the plantar very oblique, the two margins meeting acute point. the 
plantar side, just below the neck which joins the two parts the bone, there thick and 
heavy rugosity, which, its fibular side, bears small facet for the plantar projection 
from the head mt. III. The distal half this most peculiar bone runs parallel with the 
shaft mt. II, from which separated considerable space. 

The has quadrate, nearly square, dorso-lateral face, but extremely 
narrow; the proximal end irregular and slightly concave surface for the navicular, 
but, the fibular side, there are distinct facets for the external cuneiform; the distal 
end covers the head mt. II, but does not touch mt. ITI. 

The ectocuneiform very much larger than the median one, especially the dorso- 
plantar diameter; like the navicular, decidedly longer proximo-distally than 
Hyracodon and narrower transversely. outline, when viewed from either proximal 
distal end, the bone has roughly triangular shape, with broad, strongly convex dorsal 
face and narrow, bluntly pointed plantar side. The metatarsal articulations the ecto- 
cuneiform are exceptional; the tibial side, near the distal end, are two small facets 
plantar and dorsal, for mt. II, the dorsal one minute and smaller than Hyracodon, the 
plantar one considerably larger. the fibular side, there are two rather small facets for 
the cuboid, dorsal, and plantar, near the proximal end; the same side, near the distal 
end, small, but very distinct, facet for mt. IV, which unusual and does not occur 
Hyracodon, which, the contrary, there very limited contact mt. III with the 
cuboid. The ectocuneiform is, thus, connected with all the metatarsals, though only the 
articulation with mt. III, which the ordinary perissodactyl type, extensive. 

The metatarsus, which has three members, very much longer than the metacarpus, 
and relatively much longer than Hyracodon, which manus and pes are nearly 
Not only are these metatarsals very elongate, they are also extremely slender, 
much more than Hyracodon, and more horse-like than tapir-like proportions. 

Metatarsal unusual shape; the proximal end not expanded, but has its plantar 
edge obliquely truncated for the entocuneiform; the surface for the mesocuneiform, which 
covers the proximal end, very narrow and, the fibular side, are very small facets for 
the ectocuneiform. Mt. thus connected, also Hyracodon, with the three 
cuneiforms. The shaft has not the ordinary trihedral shape, but much compressed 
laterally and, cross-section, dorso-plantar oval. The shaft nearly uniform size 
throughout its length, but expanding slightly the distal end; the trochlea low and nar- 
row and the plantar carina not prominent. 
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metatarsal the proximal end, the only available specimen, damaged that 
the tarsal and metatarsal articulations are indistinguishable, though the total length the 
bone may accurately determined, and the articular surfaces the tarsals show that 
mt. III was excluded from the cuboid, which not the case Hyracodon. The shaft 
slender, narrow proximally, and broadening slightly the distal end, while the dorso- 
plantar thickness diminishes the same direction; the trochlea low and wide, and 
shaped almost exactly Hyracodon. 

Except for its tarsal articulations, metatarsal the counterpart mt. has 
very limited connection with the ectocuneiform, which constitutes unusual feature and 
difference from Hyracodon. 

phalanges the pes are definitely known except the first one the median digit; 
nearly twice long the corresponding one the manus, and relatively more slender, 
but its shape similar. 


Colodon occidentalis (Leidy) 


Lophiodon occidentalis Leidy: Proc. Acad. Nat. Sci. Philad., 1868, 232. 
Colodon luxatus Marsh: Amer. Journ. Sci., 3rd Ser. Vol. 524, 1890. 
Colodon occidentalis Wortman and Earle: Bull. Amer. Mus. Nat. Hist., Vol. 1893. 


This the smaller and lighter the two species and the separation them con- 
firmed the difference their stratigraphical occurrence. type Lophiodon 
occidentalis, Marsh’s type Colodon luxatus, and all the fossils referable this species 
the Princeton and New York collections, were found the Chadron formation. 

Colodon occidentalis may thus defined: upper canine minute and vestigial; upper 
premolars with internal cusps less divided, talon last lower molar (m3) larger than 
other species. Size smaller and proportions more slender. 


MEASUREMENTS 
P.U. Mus. 
No. 13,595 No. 658 

Upper canine, ant.-post. 
Upper premolar series, 


> 
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MEASUREMENTS (Continued) 


Mus. A.M.N.H. 
No. 13,595 No. 658 
mm. 
Lower cheek-teeth series, mm. 
Lower premolars series, 
9.5 10.5 


All the dimensions limb and foot-bones are taken from the American Museum 
specimen, No. 658. 


MEASUREMENTS 
Radius, maximum length.............. 190 mm. Metacarpal IV, dist. width shaft...... mm. 
Radius, proximal width............... Digit II, phalanx length............. 
Radius, distal width.................. Digit II, phalanx prox. width......... 
Carpus, maximum prox.-dist. length..... Digit II, phalanx length............. 
Carpus, width prox. row............ Digit II, phalanx prox. width......... 
Metacarpal length................. Digit II, ung. phalanx, length........... 
Metacarpal II, prox. width............ Digit III, phalanx length............. 
Metacarpal II, dist. width shaft...... Digit III, phalanx prox. width........ 
Metacarpal III, 112 Digit III, phalanx length............. 
Metacarpal III, prox. width........... Digit III, phalanx prox. width........ 
Metacarpal IV, Astragalus, width over trochlea......... 
Metacarpal IV, prox. width............ Astragalus, width 


Horizon: Chadron. 
Locality: Big Bad Lands, So. Dak. 


Colodon dakotensis and 


Colodon dakotensis Osborn and Wortman; Bull. Amer. Mus. Nat. Hist. Vol. VII, 362, 1895. 
Colodon procuspidatus Osborn and Wortman; 364. 


This species distinguished its larger size, the absence the upper canine, 
the more distinct separation the internal cones the upper premolars and the more 
reduced talon the last lower molar. 


Ving 
3 Ry 
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Concerning the proposed species, procuspidatus, the authors say: most impor- 
tant difference between this species and dakotensis seen the degree separation 
the internal cusps the premolars from each other and the more decided approach toward 
the structure the the figures the two type-specimens show, these sup- 
posed differences are very largely due different stages abrasion. The teeth the 
procuspidatus type are entirely unworn, while those dakotensis show considerable 
wear. Small differences size are not often satisfactory ground for specific distinction, 
but there constant difference between the Chadron and the Brulé specimens this 
genus, the former being uniformly smaller. 

The most complete example dakotensis yet obtained palate the Princeton 
Museum (No. 12,700), which one side, the other, contains all the upper teeth except 
the first molar; second specimen fragment the mandible with all the cheek-teeth 
place and third comprises several pieces the lower jaw, both rami, with the incisors 
and all the cheek-teeth except the last molar (m3), and the ungual phalanx, which was fig- 
ured Hatcher. 

The measurements dakotensis and occidentalis, given Osborn and Wort- 
man, are repeated the subjoined table; procuspidatus very closely size with 


MEASUREMENTS 
dakotensis occidentalis 
Length last two lower mm. mm. 
Length last two lower 
Width crown last lower molar.................... 
Total length upper molar 


The dimensions Princeton specimen dakotensis are follows: 


MEASUREMENTS 

No. 12,700 No. 12,700 
Upper dentition, length 130 mm. Upper molar series, length.............. mm. 
Upper incisor series, length............ P1, ant.-post. diameter................. 
transverse diameter................ P2, ant.-post. diameter................. 
I2, transverse diameter................ ant.-post. 
ant.-post. diameter................ P3, transverse diameter................ 
I3, transverse diameter................ P4, ant.-post. diameter................. 
Upper cheek-teeth series, length........ P4, transverse diameter................ 
Upper premolar series, length.......... 


The dimensions the pes are taken from the American Museum specimen, No. 10,751. 


MEASUREMENTS 
No. 12,700 No. 12,700 
Astragalus, distal width............. 21.5 mm. Ectocuneiform, prox.-dist. limm. 
dist. thick. (dors.-plant.).. Ectocuneiform, width............... 
Navicular, prox.-dist. length......... Cuboid, prox.-dist. length............ 
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No. 12,700 No. 12,700 
Metatarsal II, prox. width............. Metatarsal IV, dist. width............. 
Metatarsal III, length ................ 135 Digit phalanx prox. width....... 
Metatarsal III, prox. width ............ Digit III, phalanx dist. width........ 
Metatarsal III, dist. width 


Horizon: Lower Brulé. 
Locality: Big Bad Lands, So. Dak. 


Family Owen 


The true rhinoceroses, which constitute this family, are group great antiquity and 
diversity, the origin and principal development which took place the Old World, 
where still survives; North America became extinct the older Pliocene. The 
family pre-eminently northern distribution, Africa being the only southern continent 
which they have invaded. The earliest known occurence the true rhinoceroses North 
America the upper Eocene, but was the White River that the whole superfamily 
reached its culmination diversity and relative importance. Miocene and Pliocene 
rhinoceroses were more advanced and modernized than those the Oligocene, but they 
were such variety, relative importance. Nearly all the White River rhinoceroses 
were hornless, incipient horns first appearing the end the stage. 

The particular characteristic the family seen the canines and incisors; aside 
from certain late genera, which all the anterior teeth have been lost, the first upper and 
second lower incisors are peculiarly modified; short trenchant blade, not unlike the 
sectorial carnivore, the sharp edge which shears inside the large, pointed, pro- 
cumbent 12, which tusk-like shape and points directly forward; the median lower in- 
cisors, il, are vestigial. These teeth are unique and occur other mammals and char- 
acterize all the genera the family save such have lost all the front teeth. Other incisors 
and canines are present numbers which differ various genera, but the formula may 


written, existing Asiatic species the number and the same formula 


found most the American members the family, with certain interesting exceptions. 
The European Epiaceratherium member this family which parallels the Amynodon- 
tidae having the lower tusk either canine. 

Professor Wood, who has made particular study American rhinoceroses, has 
very kindly given the results his examination the White River genera, results 
which can accept, though certain questions must remain doubtful, until more complete 
material accessible. Wood recognizes five genera this stage, which were only partially 
contemporaneous, stratigraphic sequence being recognizable. The list genera 
follows. 


Trigonias Lucas, 1900. Chadron only. Manus with four complete digits. Nasals 


elongate and premaxillae appressed and maybe suturally connected. Dental formula: 


upper premolars extremely variable; relatively large; most advanced 


Bs 
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Concerning the proposed species, procuspidatus, the authors say: ‘‘the most impor- 
tant difference between this species and dakotensis seen the degree separation 
the internal cusps the premolars from each other and the more decided approach toward 
the structure the the figures the two type-specimens show, these sup- 
posed differences are very largely due different stages abrasion. The teeth the 
procuspidatus type are entirely unworn, while those dakotensis show considerable 
wear. Small differences size are not often satisfactory ground for specific distinction, 
but there constant difference between the Chadron and the Brulé specimens this 
genus, the former being uniformly smaller. 

The most complete example dakotensis yet obtained palate the Princeton 
Museum (No. 12,700), which one side, the other, contains all the upper teeth except 
the first molar; second specimen fragment the mandible with all the cheek-teeth 
place and third comprises several pieces the lower jaw, both rami, with the incisors 
and all the cheek-teeth except the last molar (m3), and the ungual phalanx, which was fig- 
ured Hatcher. 

The measurements dakotensis and occidentalis, given Osborn and Wort- 


man, are repeated the subjoined table; procuspidatus very closely size with 


MEASUREMENTS 
dakotensis occidentalis 
Length last two lower mm. mm. 
Length last two lower 
Width crown last lower molar.................... 
Total length upper molar 


The dimensions Princeton specimen dakotensis are follows: 


MEASUREMENTS 

No. 12,700 No. 12,700 
Upper dentition, length 130 mm. Upper molar series, length.............. mm. 
Upper incisor series, length............ P1, ant.-post. diameter................. 
ant.-post. diameter................ transverse diameter................ 
ant.-post. P2, transverse diameter................ 
transverse diameter................ P3, ant.-post. diameter................. 
ant.-post. diameter................ P3, transverse diameter................ 
transverse diameter................ P4, ant.-post. diameter................. 
Upper cheek-teeth series, length........ P4, transverse diameter................ 
Upper premolar series, length.......... 


The dimensions the pes are taken from the American Museum specimen, No. 10,751. 


MEASUREMENTS 
No. 12,700 No. 12,700 
Astragalus, distal width............. 21.5 mm. Ectocuneiform, prox.-dist. 
dist. thick. (dors.-plant.).. Ectocuneiform, width............... 
Navicular, prox.-dist. length......... Cuboid, prox.-dist. length............ 


Cuboid, prox. width 
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No. 12,700 No. 12,700 
126 Metatarsal IV, prox. width............ 
Metatarsal IT, prox. width............. Metatarsal IV, dist. 
Metatarsal II, dist. Digit III, phalanx length............ 
Metatarsal III, length 135 Digit III, phalanx prox. width....... 
Metatarsal III, prox. Digit III, phalanx dist. width........ 
Metatarsal III, dist. width ............ 


Horizon: Lower 
Locality: Big Bad Lands, So. Dak. 


Family Owen 


The true rhinoceroses, which constitute this family, are group great antiquity and 
diversity, the origin and principal development which took place the Old World, 
where still survives; North America became extinct the older Pliocene. The 
family pre-eminently northern distribution, Africa being the only southern continent 
which they have invaded. The earliest known occurence the true rhinoceroses North 
America the upper Eocene, but was the White River that the whole superfamily 
reached its culmination diversity and relative importance. Miocene and Pliocene 
rhinoceroses were more advanced and modernized than those the Oligocene, but they 
were such variety, relative importance. Nearly all the White River rhinoceroses 
were hornless, incipient horns first appearing the end the stage. 

The particular characteristic the family seen the canines and incisors; aside 
from certain late genera, which all the anterior teeth have been lost, the first upper and 
second lower incisors are peculiarly modified; short trenchant blade, not unlike the 
sectorial carnivore, the sharp edge which shears inside the large, pointed, pro- 
cumbent 12, which tusk-like shape and points directly forward; the median lower in- 
cisors, il, are vestigial. These teeth are unique and occur other mammals and char- 
acterize all the genera the family save such have lost all the front teeth. Other incisors 
and canines are present numbers which differ various genera, but the formula may 


written, existing Asiatic species the number and the same formula 


found most the American members the family, with certain interesting exceptions. 
The European Epiaceratherium member this family which parallels the Amynodon- 
tidae having the lower tusk either canine. 

Professor Wood, who has made particular study American rhinoceroses, has 
very kindly given the results his examination the White River genera, results 
which can accept, though certain questions must remain doubtful, until more complete 
material accessible. Wood recognizes five genera this stage, which were only partially 
contemporaneous, stratigraphic sequence being recognizable. The list genera 
follows. 


Trigonias Lucas, 1900. Chadron only. Manus with four complete digits. Nasals 


elongate and premaxillae appressed and maybe suturally connected. Dental formula: 


upper premolars extremely variable; relatively large; most advanced 


| 
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the series and often molariform; sometimes molariform, which never and has 
valley opening posteriorly; the two internal cusps are connate. 


Amphicaenopus Wood, 1927. Large animals with dental formula: 


most nearly molariform and may have parallel, transverse crests; not molariform, 


postero-internal cusp isolated cone. 
Caenopus Cope, 1879; small true rhinoceros: P3, upper premolars 
more advanced than Subhyracodon, Amphicaenopus; cingulum cheek-teeth much 
weaker than former; order change upper premolars molar pattern, p4, p2, p3. 
and not markedly enlarged: manus 


Subhyracodon Brandt, 1878; medium size, manus tridactyl; dental formula 


first upper and second lower incisor enlarged tusks; most advanced 
upper premolars, order change p4; cingula cheek-teeth heavy; antero- 
internal cusp upper molars set off from transverse crest; lower Brulé. 

Diceratherium Marsh, 1875; like Subhyracodon, but larger and with incipient paired 
horns nasals, which are much thickened support them; upper Brulé. 

All the Oligocene species this family are moderate size, few them exceeding 
the American tapir height and the skeleton has the proportions its various parts, neck, 
trunk, limbs and feet, much more the tapirs than the modern rhinoceroses. 
Except which has the fifth digit the manus, all the Oligocene and subsequent 
genera the family have tridactyl feet both before and behind. 

Each the three substanges the White River had its characteristic genera 
rhinoceroses: exclusively Chadron, Subhyracodon almost confined the lower 
Brulé and Diceratherium, which especially characteristic the John Day, makes its 
first appearance the apper Brulé, Caenopus, which very rare, seems occur the 
Chadron and upper Brulé, but has not been found the lower. Amphicaenopus typically 
from the upper Brulé, but has also been reported from the Chadron. 


Trigonias Lucas 
Pls. LXXXI, LXXXII 
Trigonias Lucas: Proc. Nat. Museum, Vol. XXIII, 221. 1900. 


Fossils referable this genus are comparatively rare the Big Bad Lands South 
Dakota, but are abundant and finely preserved the Chadron Weld County, Col., 
whence have been taken the remarkable series skulls and skeletons the Colorado 
Museum Natural History Denver. The genus includes much the most primitive 
White River rhinoceroses, which retain several significant features their Eocene ancestors. 


DENTITION 


The formula, which very important fixing the homologies the 


the anterior teeth the more advanced genera, which have been variously interpreted. 
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Upper Teeth. The first incisor already has the shape characteristic the family, 
being low verticially, much extended antero-posteriorly and with trenchant edge that 
occludes inside the large lower tusk, i2. The second incisor, i2, very much smaller 
than the first and entirely different shape, the crown being low, asymmetrical cone, 
with blunt apex. The third incisor, i3, much smaller than the second, but has nearly the 
same shape. The canine still smaller than i3, but resembles form; these three small 
teeth would seem have been useless their possessor and are regarded vestigial. 

The premolars are extraordinary degree variability, has been shown great 
detail Messrs. Gregory and Cook,' but general account may given which the 
variations are little considered. The premolars increase size posteriorly, being much 
the smallest the series and slightly larger than p3; they all have the external wail 
somewhat different from that the molars and are, varying degrees, like the molars. 
least molariform; has hinder cross-crest, which recurved, enclose pos- 
terior valley, but the anterior crest longitudinal, not transverse, and parallel the 
outer wall; the main valley is, thus, open front. much larger than and the 
most nearly molariform all the premolars; the two transverse crests, which are not 
oblique direction are those the molars, are complete, parallel and well separated. 
less completely like molar, though larger than p2; the anterior cross-crest 
complete, but the posterior one separated from the postero-internal cusp, tetartocone, 
which independent conical still less like molar; the posterior crest 
hardly half long the anterior one and the tetartocone mere tubercle. All the 
premolars have strong tuberculated cingulum around three sides the crown, front, back 
and inner side. 

The molars are typically those the family and superfamily form and the pattern 
the masticating surface, without any the accessory spurs save faintly marked ante- 
crochet and m2. has the posterior crest and external wall indistinguishably 
fused, producing the trihedral crown characteristic the whole group. conspicuous 
difference from the premolars the development the cingulum, which restricted 
the anterior side the crown except m3, which the cingulum the front and rear 
faces. None the cheek-teeth has any external cingulum, except for occasional patches, 
and this lack decided contrast Hyracodon and Subhyracodon, but not Metamynodon. 

Lower Teeth. These depart less from the conditions seen such Recent genera have 
incisors than the upper teeth. Subhyracodon and subsequent American rhinocer- 
oses, the first incisor very small and procumbent and can have been service the 
animal; the second, i2, large, pointed, procumbent tusk, which occludes outside the 
large, shearing first upper incisor. the third incisor and the canine vestige remains; 
the difference between upper and lower jaws the degree reduction the anterior teeth 
surprising. 

The premolars increase size from before backward; much the smallest the 
four and least like molar; implanted two roots and has narrow, compressed- 
conical crown, with three cusps arranged the same fore-and-aft line and obscure valleys 
the lingual face. very like but much larger and with all the elements more 
shown and, addition, has division the buccal side into anterior and posterior 


Gregory, K., and Cook, Colorado Museum Nat. History, Denver, Vol. VIII. 
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lobes, which does not display; particular, the postero-internal valley much larger 
and deeper than pl. still more molariform and differs from molar only 
unimportant details. 

The molars are those common all the family and, Hatcher says them, 
exhibit distinctive 


SKULL 


The skull differs several respects from that Subhyracodon, say nothing the 
later genera from the Miocene the Recent. The upper profile almost horizontal from 
the tips the nasals the mid-parietal point, whence the contour rises steeply the 
occiput. Subhyracodon the whole upper contour the skull straight and nearly 
horizontal and another difference that, the latter, there hardly any sagittal crest, 
but rather narrow, flattened sagittal area, whereas, Trigonias, the crest high and 
thin. The occiput high and narrow and the supraoccipital deeply emarginated the 
median line and extended into the paired, wing-like processes which recur all the White 
River rhinoceroses with the exception Metamynodon, which the occiput much lower 
and wider than the other contemporary genera. The paroccipital process short and 
blunt, but the long post-tympanic and post-glenoid processes the squamosal are con- 
tact, closing the auditory meatus below. Subhyracodon the two processes are separate, 
one the few features which the older genus, the more advanced. 


Fig. osborni: Skeleton, right side: Colorado Mus. Nat. Hist. 


The zygomatic process the squamosal broad vertically, thin and plate-like trans- 
versely, its dorsal border rising high above the horizontal portion much more than 
Subhyracodon, making deep valley between the arch and the side the cranium and the 
border descends much more steeply forward than the latter. The postglenoid process 
large, heavy and curved, with concave anterior face, which extensive articular 


»- 
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surface for the posterior side the mandibular condyle; distal this, the postglenoid 
process descends inside the post-cotyloid process the mandible. The jugal long and 
extends back the glenoid cavity; the orbit varies much size and the prominence 
the post-orbital process the jugal. 

The forms large pre-orbital area the face, which relatively low. The 
very deep nasal incision emarginates the anterior border the maxillary, which, the 
members this family generally, sends forward narrow bar, upon which the premaxilla 
rests. The palatine processes are thin and arise all along the maxillaries back the pos- 
terior nares and forward the incisive foramina, along the bars upon which the premaxillae 
lie. The correlation with the full number incisors which they support, 
are different from those any other known member the family. Each premaxilla 
straight and its dorsal border horizontal, there distinction horizontal and 
ascending ramus. The alveolar portion heavy, but laterally compressed, making the 
dorso-ventral diameter the principal one; the two premaxillae are contact with each 
other considerable symphysis. The suture with the maxillary ends behind above the 
middle p2, but there contact with the nasal. The nasals are very long and have 
long, freely projecting portion, which thin and weak and terminates sharp point. 
This projection decidedly longer than Subhyracodon. 

The mandible has certain characteristic peculiarities; the horizontal ramus long, 
slender and shallow, with gently convex ventral border; the ascending ramus rather 
narrow and its angle projects backward less abruptly than Subhyracodon and has thick- 
ened border, which much more conspicuous than Hyracodon and is, definitely, early 
stage the great thickness displayed all Recent rhinoceroses. The masseteric fossa 
small and placed high the side the jaw, but deep and bounded prominent 
ridges; the sigmoid notch deeper and better defined than Subhyracodon. very dis- 
tinct post-cotyloid process present and this, together with the thickened angle makes 
plain the relationship Trigonias with the recent genera the family. 


VERTEBRAE, AND STERNUM 


the skeleton from Colorado, mounted the American Museum, which all belongs 
one animal, the vertebral formula is: C7, D18, L5, neck moderate 
length, about equal that the head; the trunk long, with the number vertebrae usual 
among perissodactyls, and the tail long, somewhat exceeding that Subhyracodon. 

The atlas agrees with the the other White River rhinoceroses the moderate ex- 
pansion the transverse processes and having diapophysial notches, not foramina. The 
external sides the cotyles for the occipital condyles are limited grooves, which descend 
from the foramina for the first pair spinal nerves. Neural and inferior arches are strongly 
convex and the neural spine rugose prominence, much Subhyracodon; small 
hypapophysial tubercle projects from the hinder border the inferior arch. 

The which keeled, broad anteriorly and has broad facets for the atlas, with 
short, slender and rod-like transverse processes. The neural spine large and blade-like 
and somewhat irregular shape; its anterior prolongation very small and does not extend 
over the atlas; the dorsal border the spine rises, first steeply and then gently, the 
hinder end, which the highest point; the posterior border somewhat concave. The 
postzygapophyses are prominent, though rather small, and face obliquely outward. 


he 
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The third, fourth and fifth cervicals are much alike size and structure; they have 
keeled and moderately opisthocoelous centra, low and broad neural arches, hardly emargi- 
nated between the large and prominent zygapophyses, which are almost horizontal and face 
upward and downward; the pedicles the neural arches are relatively narrow and make 
the lateral openings between the successive vertebrae very large. The spines are low, 
hardly more than vestigial, but that the third vertebra the highest. The transverse 
processes are short and have very large inferior lamellae, each extending outside the one 
succeeding it; diapophyses are obscurely marked the 3rd and 4th vertebrae and much 
more distinct the 5th. The cervical shorter than those which precede the 
series and distinguished several characters; the neural spine high and conspicuous, 
high the anterior dorsal spine; the pedicles the neural arch are narrower and the 
diapophyses much longer and more prominent; the inferior lamella less extended antero- 
posteriorly and has more regularly curved and thickened ventral border. The seventh 
cervical differs, usual, from all those that precede being shorter and having 
elongate, heavy and club-like diapophysis, which imperforate and has inferior lamella. 
The neural spine considerably higher than that the sixth vertebra, but similar shape, 
broad the base and narrowing much the tip. 

The dorsal vertebrae, behind the first, which transitional from the cervical form, 
have short, sub-cylindrical centra, with high, conspicuously slender neural spines, which 
diminish length behind the 4th; they form hump the withers, but compensate 
for the upward curvature the spinal column, that the summit line the back must have 
been nearly horizontal far the loins. The spines incline posteriorly far the 14th 
dorsal, which the anticlinal; behind that point they have very slight forward slope. 
Metapophyses are conspicuous all the dorsal vertebrae, from the fourth backward. 

The lumbar vertebrae have relatively large and heavy centra and rather high, narrow 
and thin neural spines, which increase length posteriorly; they have slight forward 
inclination and are antero-posteriorly expanded the ends, with thickened and rugose 
tips. This terminal expansion makes the anterior border the spine concave and the pos- 
terior somewhat less so. the last lumbar the spine has different shape; narrower 
antero-posteriorly and has straight, parallel fore and hind margins, thickened and slightly 
expanded tip. The transverse processes the lumbars are strikingly short and weak, ex- 
cept the last vertebra, the transverse processes which are twice long those the 
4th. usual perissodactyls, each process bears its hinder border articular facet 
for the sacrum. the lumbar vertebrae, the metapophyses are prominent, diminishing 
height posteriorly and hardly recognizable the fourth and fifth lumbars. 

The sacrum consists five vertebrae, which the anterior three are contact with 
the pelvis; the neural spines are long, diminishing height posteriorly, and thin trans- 
versely they are broad and plate-like antero-posteriorly, rugose, thick and expanded the 
free ends, which, the 2nd, 3rd and 4th, are contact and may co-ossify old animals. 
The spine the last sacral inclines backward more steeply and separated wide gap 
from that the 4th. The transverse processes each side are fused into long, narrow 
plate, with nearly parallel borders; zygapophyses are present the first vertebra only. 

The caudal vertebrae, which number 23, more less, are indicative long tail, 
which hung down the level the caleaneum. The first vertebrae have distinct neural 
canals, arches, spines and transverse processes, all which and the centra also, grow 
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smaller posteriorly; the 11th and 12th retain very small neural canals and low spines, but 
are without transverse processes; zygapophyses cease after the third caudal; from the 12th 
backward, the vertebrae diminish length and diameter, but are essentially similar 
shape; they are subcylindrical, slightly contracted the middle and expanded the ends, 
and the various processes are mere vestiges. 

The Ribs differ from those modern rhinoceroses their much greater slenderness 
and lack flattening. The successive genera the Miocene and Pliocene show this 
have been progressive change and even Subhyracodon occidentalis, the lower Brulé, 
the ribs are stouter. the first rib short and straight, broad and plate-like; 
the second much broader and longer and the anterior five are relatively broad and com- 
pressed; from the 6th onward they grow more and more rod-like. They are all relatively 
long and strongly curved, making the thorax broad and capacious. 

The sternum has keel-like manubrium type, which not boat-shaped 
but has parallel dorsal and ventral borders and abruptly cut off front. Several, 
least, the mesosternal segments are narrow and dorso-ventrally thick. 


PECTORAL GIRDLE AND LIMB 


all the White River Rhinocerotidae, the proportions head, neck, trunk, limbs 
and feet are tapiroid, though the details teeth and skeleton and their fundamental 
form are unmistakably rhinocerotic, not tapir-like. 

The scapula narrow comparison with that the other White River genera the 
family; the neck broad and the coracoid small and inconspicuous. The coraco-scapular 
notch broad and shallow.and the coracoid border very gently concave. The supra- 
scapular border curved and does not form distinct angle with either the other borders. 
The glenoid border concave, which due the broadening the upper part the 
blade, where the post-spinous fossa considerably wider than the prespinous. The spine 
the shape and position usual the family and rises gently the large, rugose and 
recurved metacromion, whence descends still more gently and dies away the neck 
without acromion. 

The humerus relatively short; the head projects upward, rising well above the level 
the tuberosities. The external tuberosity not very prominent, but massive and pro- 
longed across the whole anterior breadth the humerus and divided broad notch into 
inner and outer portions; the internal tuberosity even less prominent and the bicipital 
groove narrow and unusually deep. The deltoid crest greatly developed, making the 
whole proximal part the bone extremely thick antero-posteriorly; the deltoid hook 
present, but not conspicuous. Below the deltoid crest, the shaft and then 
broadens much distally. The anconeal fossa very deep and prolonged far proximally and 
the supratrochlear fossa also deep, but there perforation connecting them. The 
external epicondyle low rugosity and the internal one hardly distinguishable. The 
supinator ridge inconspicuous, little more than linea aspera, fact. The trochlea 
low and the simple, hour-glass shape common the family and there such inter- 
condylar ridge occurs 

The fore arm bones are rather long and not very stout. The radius extends across the 
whole breadth the humeral trochlea; the shaft, which gradually contracts below the head, 
decidedly heavier than that the ulna; rather broad and antero-posteriorly com- 


. 
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pressed and transversely oval cross-section. The distal end both broad and thick. 
The ulna has large and very prominent olecranon, with thickened and rugose free end; the 
shaft, which tapers rapidly below the humeral articulation, comparatively reduced and 
slender and has the ordinary trihedral shape, expanding somewhat the distal end, where 
the facets for the pyramidal and pisiform form saddle-shaped surface. compared with 
the middle Eocene almost all which have functionally tetradactyl manus, 
the ulna Trigonias has undergone reduction, course development which was re- 
versed the Miocene and Pliocene genera, such Aphelops and Teleoceras, which bulk 
and body-weight were greatly increased, that more massive limb-bones were requisite. 


Manus 


Trigonias the fore foot structurally tetradactyl, but the fifth digit, though com- 
plete all its parts, reduced little more than vestige without function. 
Nevertheless, much the tetradactyl arrangement persists. The first description the 
forefoot Trigonias was that given Hatcher,! which may paraphrased follows. 

The Carpus forms transitional stage between the three-toed and the four-toed rela- 
tions The scaphoid much the largest bone the proximal row; its articu- 
lation with the radius means concave surface irregularly pentagonal outline; 
distally, the scaphoid covers the trapezium and the trapezoid, but only about half the 
breadth the magnum the dorsal side, while the tridactyl genera, Subhyracodon, 
Caenopus, Diceratherium, the scaphoid covers the whole breadth the magnum the 
dorsal side. The facet for the trapezium slightly concave and narrowly elliptical 
outline; that for the trapezoid saddle-shaped, concave transversely and convex palmo- 
dorsally; two rather sharp ridges separate this facet from that for the trapezium the 
radial side and that for the magnum, the ulnar. The surface for the magnum triangu- 
lar outline and gently convex transversely. 

The proximal surface the for articulation with the radius strongly convex 
palmo-dorsally, distally covers the magnum, elongated, deeply concave facet, which 
broad the palmar side, but somewhat constricted dorsally. With the unciform, the 
lunar also has extensive contact surface which ovate outline and concave 
palmo-dorsally. Subhyracodon and the other tridactyl genera, the carpal elements have 
shifted, that, seen from the dorsal side, the lunar appears rest entirely upon the unci- 
form, while the scaphoid covers the magnum. This displacement evidently occasioned 
the suppression the fifth digit. 

The pyramidal displays the usual proximal facets for the ulna and pisiform and, distally, 
articulates only with the unciform, covering somewhat less than half the proximal width 
that bone. The pisiform articulates about equally with pyramidal and ulna; its neck 
much constricted, while the distal portion greatly expanded and terminates elevated 
process. 

The trapezium the smallest the carpals; articulates proximally with the scaphoid 
and, the ulnar side, with the trapezoid and terminates distally small, pointed process 
without articular surface. The trapezoid also small and has saddle-shaped facets the 
proximal and distal ends for the scaphoid and second metacarpal respectively. The magnum 
comparatively large and bears, its proximal end, three articular facets; one radial and 
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dorsal for the scaphoid, second, narrow dorsally, but expanding toward the palmar side, 
side, which situated about midway between the ulnar and radial borders and articulates 
with the lunar; the third dorsal and ulnar and articulates with the unciform. 
the magnum bears only upon me. III, but there also radio-distal facet, against which 
abuts process from me. II. The hook-like process from the palmar face narrow and 
directed obliquely distally. The unciform much expanded distally and articulates 
continuous surface with me. and and process from the ulnar side me. 
addition, the unciform extends over upon the magnum and covers about third its proxi- 
mo-dorsal border. This extensive and continuous articular surface exceptionally regular 
outline and its dorsal border describes almost perfect semicircle. 

The metacarpus consists four members, one which, me. greatly 
Hatcher remarks, this manus, though tetradactyl structure, shows decided tendency 
toward tridactylism. The third metacarpal the longest and much the stoutest bone 
the series, while me. and are subequal. III decidedly asymmetrical and the 
axis the manus passes the ulnar side its median line, while the proximo-dorsal side 
the magnum not completely covered the scaphoid the later, 
forms. inevitable suppression which digit destined already distinctly indi- 
cated the inferiority its metacarpal and that the succeeding phalanges. Never- 
theless, there still very considerable modification necessary before the manus 
Trigonias assumes the typically tridactyl structure the later Rhinoceroses and Acera- 


(Hatcher, loc. cit.) 


‘‘As all the Rhinocerotidae, the phalanges are short and rather flat, 
with rugose upper surfaces. The unguals, especially those the digits II, III, and IV, 
are broad and very (Hatcher, loc. cit.) 


GIRDLE AND LIMB 


The pelvis less specialized and more tapiroid than the subsequent genera the 
family. The has relatively short, trihedral peduncle, expanding into very large 
anterior plate, which strongly everted and shows the beginning the great, forward- 
facing basin which, the very large ungulates, supports the mass viscera. The iliac 
plate two portions, which are much less plainly demarcated than Subhyracodon; the 
sacral portion upturned and rises high the summit the sacral spines. From the 
base the sacral process, the anterior border the iliac plate regular and gentle curve, 
terminating externally large, triangular rugosity, from which the acetabular border 
describes concave curve the acetabulum. The iliac surface broad, but has ilio- 
pectineal process. 

The long, slender and compressed, with obscurely marked tuberosity, 
but conspicuous spine and sciatic notch; the descending branch the ordinary, plate-like 
form, but narrowed the great antero-posterior extension the obturator foramen, 
which deeply emarginates the ischium. Apparently the ischium takes part the 
formation the symphysis, the two descending branches being separated deep notch. 
The pubis short and stout and forms unusually short symphysis with its fellow, the 
notch between the two ischia invading the pubic region also. very exceptional feature 
the presence ventral keel the anterior part the pubic symphysis, which projects 
well front the pelvic opening. 
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The femur considerably longer than the humerus and tapir-like. The head not 
sessile many genera the family, but set upon long neck, which projects 
obliquely inward and upward, raising the large, hemispherical head high above the level 
the great trochanter. There sigmoid notch, broad bridge bone descending steeply 
from head trochanter. The great trochanter low, but very large other dimensions, 
and the external and posterior sides the proximal end forms massive, rugose, and 
prominent projection, which the postero-internal side ends blunt hook. The digital 
fossa, which roofed the blunt hook just mentioned, deep but very small. The 
greatest difference the structure the femur between and Subhyracodon lies 
this proximal end. The second trochanter long, low, and inconspicuous ridge, and 
intertrochanteric ridge visible. The third trochanter little more proximal 
position than Subhyracodon, but similar shape, being massive introverted hook, 
with rugose margin; gently sloping crests continue the process proximally and distally and, 
including these crests, the third trochanter occupies half the length the shaft. 

The shaft the femur moderate thickness and nearly cylindrical shape, though 
the flattening the posterior side prevents its being entirely so; the distal part the shaft, 
distinguished from the epiphysis, not much expanded and has small, rather shallow, 
supra-patellar fossa, with elevated interior border. The distal portion the femur, which 
included the epiphysis, exceptionally large and massive, distinctly more than 
Subhyracodon. The rotular trochlea extremely prominent, especially the inner side, 
thus making the antero-posterior diameter the distal end proportionately very great, 
the rhinoceroses generally, Hyracodon excepted. The trochlea much extended 
proximo-distally, describing curve some 120° and separated from each condyle 
notch; the trochlea made very asymmetrical the great prominence the internal 
border. The condyles are large and unequal, the external one being larger and projecting 
farther behind the plane the shaft; the epicondyles are low rugosities. 

The patella like that the true rhinoceroses generally being very heavy and 
rugose and having internal and external grooves, with ridge between them, the articular 
surface which uninterrupted. 

The tibia somewhat shorter than the radius and has little about that character- 
istic, for closely resembles the tibia Subhyracodon occidentalis. The crest 
rough and prominent, but not extended far distally. The shaft the usual trihedral 
form, becoming broad and planto-dorsally compressed near the distal end; the grooves for 
the astragalus are deep, and the intercondylar tongue far over toward the fibular side. 

The fibula much the proximal end expanded, chiefly the antero-posterior 
dimension, and its contact with the tibia lateral, for the tibia does not project over it; 
this relation usual the family and, some the later genera, the two bones are co- 
ossified. The shaft the fibula slender, laterally compressed, and nearly straight; the 
distal end much larger than the proximal, and forms heavy external malleolus, which 
grooved the outer side the sulcus for the peroneal tendon. 


Among the White River genera the true rhinoceroses, there little difference the 
structure the hind foot, since all them tridactyl. the hyracodonts, 
the pes not unlike that Trigonias, but was obviously tending toward monodactylism, 
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while the amynodonts widely different. Trigonias, the separate elements the 
pes are very much like those Subhyracodon, such slight differences may observed 
being merely size and proportion. The astragalus has the typical rhinocerotic character; 
the trochlea broad and wide open between the condyles; the neck very short, and the 
distal end almost completely covered the navicular, while the facet for the cuboid 
narrow, especially the dorsal border, broadening somewhat toward the plantar side. 
This limited articulation between astragalus and cuboid, and the correlated proportions 
the connection, form one the most conspicuous differences foot- 
structure between the Rhinocerotidae the Oligocene and those the upper Miocene and 
later times. the latter, the contact the astragalus with the cuboid greatly enlarged, 
while the cubo-calcaneal articulation correspondingly reduced. Presumably this change 
was brought about adjustment the greatly increased bulk and weight which are 
striking these later genera. 

The calcaneum Trigonias closely similar that Subhyracodon; the tuber has the 
same shape, with parallel dorsal and plantar borders, and thickened, club-like proximal end; 
the distal end completely covered the surface for the cuboid, notable difference from 
the upper Miocene genus Aphelops, which may taken typical the later Tertiary 
and Recent true rhinoceroses. Aphelops the cuboid facet covers hardly more than half 
the distal end the caleaneum, the remainder being rough, tuberculated mass. 

The navicular relatively broader than Aphelops, but with greater proximo-distal 
diameter; Subhyracodon, articulates extensively with the cuboid, but excluded 
from the caleaneum the astragalo-cuboid junction. The very large, 
oval, and scale-like bone, which depends from the planto-distal border the navicular, 
and also applied oblique surface the tibio-plantar angle mt. II. The meso- 
cuneiform the functional support mt. II, and its dorsal face subquadrate, but the 
bone narrows the plantar side. The much the largest the three; 
both broad, correspondence with the size the median metatarsal, and elongate proximo- 
distally, Subhyracodon, much more than Aphelops. The cuboid also resembles 
that Subhyracodon its relatively great proximo-distal elongation, its narrow surface for 
the astragalus and much broader one for the all these respects the cuboid 
Aphelops very different; shorter proximo-distally, has much broader surface for 
the astragalus, and correspondingly narrower one for the 

The metatarsals and phalanges differ very little from those Subhyracodon, except that 
the former are somewhat heavier and shorter, while well the modern 
genera, the metatarsals and phalanges are very much shorter and stouter than any 
the White River genera. 


Species. all the White River genera described this monograph the problem 
species has proved exceedingly difficult; the difficulty exaggerated, 
great the variability displayed the remarkable series skulls and skeletons from 
Weld County, Colorado, the Denver Museum. 

Three different methods treating this problem have been suggested; one extreme 
the solution offered the late Professor who writes: Ancestral the 


Matthew, D., Univ. California Publ. Geolog. Sci., Vol. XX, 1931. 
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Caenopus Subhyracodon group stands the genus Trigonias, admirably represented now 
the fine series skulls and partly associated skeletons obtained the Denver Museum 
from single fossil quarry the Chadron beds Weld County, Colorado. There every 
reason believe ecologic and other grounds that this series represents one genus and one 
species thereof, the wide range variation structure the cheek-teeth illustrating how 
little value should attached the complex detailed phylogenies with numerous species 
and many so-called genera, that have been built the comparison numerous frag- 
mentary specimens from various 

Dr. Matthew had formulated more general principles, preceding paper, that bear 
directly this case. ‘‘The range modern species should our guide determining 
the range fossil species, based always much less adequate material. should ex- 
pect find single fossil quarry that the material each genus represents single eco- 
logic niche, or, more than one, that they are quite distinct. should not, other words, 
expect find two more closely related species living together the same time, within 
the same area and with the same habitat, causing their remains preserved together 
the same 

Director Figgins, the Colorado Museum, wrote agreement with Matthew (Proc. 
Col. Mus. Nat. Hist., Vol. XIII, No. 11). 

the opposite extreme the opinion and practice Professor Gregory and 
Mr. Harold Cook,? who made remarkable study the dentition this genus and came 
very different conclusion. These authors are greatly impressed the extreme vari- 
ability the many skulls collected the Colorado Museum, especially the upper pre- 
molars. They say: Very wide differences, not only the form the skull, length the 
premaxillary rostrum, character the incisors and canines, but especially the patterns 
the upper premolars, are found the series skulls already prepared. Indeed, the 
series were less complete, were the specimens from different localities horizons, and had 
chanced find only the extremes variation, should have felt hesitation, accord- 
ing widely accepted standards palaeontology, describing least seven ‘new species’ 
representing possibly three different genera; but these extreme differences are bridged over 
numerous intergrading conditions and combinations characters, that one soon gets 
the impression, the one hand, that the Weld County series reveals highly plastic condi- 
tion the rhinoceros population; the other hand, that extensive hybridism be- 
tween formerly distinct races was actively going on.”’ 

Messrs. Gregory and Cook admit two genera, and seven species, and three subspecies 
true rhinoceroses the Chadron formation Weld County, Colorado, but they not 
use these terms the ordinary sense, qualifying them follows: While thus incline 
the hypothesis extensive hybridism between originally distinct races, for the sake 
convenience describing and cataloguing the material, nevertheless designate the 
various groups individuals variants realizing full well that these terms 
this instance, and perhaps many others, merely signify definable set characters 
certain (Loc. cit.) 

Professor who has done much extremely valuable work this family, 

Bull. Geol. Soc. America, Vol. 41, pp. 1930. 


Proc. Colorado Mus. Nat. Hist., Vol. VIII, 
Wood, E., Journal Mammalogy, Vol. 12, pp. 
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occupies position the problem the Trigonias species intermediate between Gregory 
and Cook, the one hand, and Matthew the other. writes: ‘‘This Trigonias 
material brings the old question what species However, from the view- 
point convenience, certain that some these specimens are sufficiently different 
from the rest require individual mention, and may, therefore, deserve individual desig- 
nations. Convenience the only real criterion, especially palaeontology, for deciding 
whether not give taxonomic recognition morphologically distinct variants. is, 
least, tenable point view that legitimate name any variant sufficiently dis- 
tinct require individual (Op. cit., 416.) 

question just what taxonomic recognition should given the different 
strains has been answered diametrically opposed fashion Gregory and Cook and 
Matthew, without any serious difference opinion the actual facts involved. 
have taken somewhat intermediate position, solely the basis convenience, and 
without any mystical views what constitutes ‘real’ species (Op. 
cit., 427.) 

this paper Wood recognizes the following species and varieties, omitting the species 
from South Dakota: 


Trigonias osborni Lucas. 

cooki Wood sp. nov. 


1937 Dr. Wood very kindly prepared the subjoined table for use; represents 
his latest views this subject. 


Trigonias osborni osborni Lucas, 1900—P2 usually nearly molariform; median valleys open 
posteriorly; synonyms: nanolophus Troxell, 1921; Gregory and Cook, 1928; secundus C., 
1928. 

osborni C., 1928, not more than variety, that. Synonym: preoccidentalis C., 
1928. 

taylori C., achondroplasia, whether individual racial. 

hypostylus C., 1928: hypostyles otherwise primitive ancestral wellsi? 

cooki Wood, 1931. molariform, with median valleys opening internally: still primitive, 
but with well defined hypocone; near line ancestry 

wellsi Wood, 1931. size: premolariform, with median valleys opening rear, and with 
large hypostyles usually present. 

paucidens Wood, canine lost; i3, p4, m3; otherwise close osborni; appears ances- 
tral Amphicaenopus. 

Wood, 1927. Large size for Trigonias: molariform, incompletely so; 


this arrangement several the named Gregory and Cook are reduced 
synonyms and four new species are described, i.e., new since the appearance Gregory 
and Cook’s paper. 


Ven 
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this monograph, the difficulty, often the impossibility, distinguishing between 
contemporary fluctuating variants and successive mutants, has been emphasized. All the 
Weld County skulls and skeletons have been taken from thin deposit 
sediment, that they must have been substantially contemporaneous and, therefore, they 
should, opinion, treated like Recent material. There gain making lot 
which, everyone agrees, are not species. far necessary, desirable, 
distinguish and describe these variants, can accomplished giving them numbers, 
rather than names. The South Dakota specimens, which Wood has named wellsi and 
are somewhat different category, and one other them may ultimately 
prove distinct. 

find myself, therefore, almost complete agreement with Dr. Matthew, differing 
from him only recognizing separate species. The fact that this rare 
stray occurs the same bed with the typical does not necessarily prove that 
had the same habitat; may have been upland, forest-dweller, and its carcass may 
have been carried long distance flooded stream. Its exceptional character, differing 
from all the other skulls, and the absence intergradations, make this difference habitat 
probable. This reasoning, obviously, does not apply the cycle. 


Trigonias osborni Lucas 


Trigonias osborni Lucas: Proc. Nat. Mus., Vol. XXIII, No. 1207, 221, 1900. 

Trigonias hypostylus Gregory and Cook: Proc. Colorado Mus. Nat. Hist., Vol. VIII, 15, 
1928. 

Trigonias C.: Ibid. 

Trigonias preoccidentalis C.: Ibid., 16. 

Trigonias cooki Wood: Journ. Mammalogy, Vol. XII, 425, 1931. 

Trigonias paucidens Wood: Bull. Amer. Palaeont., Vol. 13, No. 50, 51, 1927. 

Trigonias tetradactylum Osborn: Nat. Hist., Vol. No. 214, 1923. 

Caenopus platycephalus nanolophus Troxell (fide Wood): Amer. Journ. Sci., Ser. Vol. II, 
46, 1921. 


This the common and relatively abundant species the Chadron both Colorado 
and South Dakota; the extreme variability the upper premolars has been sufficiently 
dwelt upon, but, Gregory and Cook point out, there also great variation the form 
the skull. However, all the skulls referable this species show certain constant and 
marked differences from the unique specimen which Gregory and Cook named taylori. 
All the skulls referred other species agree essentially being long and narrow, though 
meso- rather than dolichocephalic, except for the very prominent zygomatic arches. 
conspicuous difference from Subhyracodon seen the dorsal contour the cranium 
which nearly straight the latter, while Trigonias made deeply concave the 
great elevation the occiput, which higher and projects farther backward osborni 
than taylori. The zygomatic arch comparatively long and slender and its dorsal 
border rises gently from the orbit backward the postero-superior angle, which little, 
not all, elevated above the sagittal crest, and the ventral border somewhat sinuous 
line, without which elongate and has very gentle slope downward from the 
glenoid cavity the maxillo-jugal suture. The jugal narrow and elongate and has 
angulation which indicates the postorbital process. 
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The forehead broad and nearly flat, but made convex above the orbits the frontal 
sinuses, which have smooth surfaces, strong contrast the ‘‘heavy rugose 
The nasals are very long, decurved and pointed, and the anterior nasal incision 
deep and its lateral boundary slopes gently upward the naso-maxillary suture. The 
coronoid process the mandible comparatively short and erect and the sigmoid notch 
broad and shallow. 

comparatively constant feature this species bodily size, which, the average, 
approximately the same Subhyracodon occidentalis. The very large skulls which 
Wood named and are here treated variety osborni. 


Trigonias osborni wellsi Wood 


Trigonias Wood: Bull. American Palaeont., Vol. 13, No. 50, 46, 1927. 
Wood: Ibid., 48. 
?Trigonias Wood: Journ. Mammalogy, Vol. 12, 425, 1931. 


The original description is: holotype A.M.N.H. No. 13226 This animal 
third larger than Trigonias osborni: The canine larger than the third 
incisor. None the upper premolars are anywhere near molariform. The metaloph 
incomplete P2. The hypocone P2-4 merely bud the protocone, the two cusps 
being fully confluent, with internal notch. The median valley opens widely posteriorly. 
well developed hypostyle present and both sides, but absent right P4. 
The presence hypostyle free cusp (not upgrowth the cingulum), which other- 
wise unrecorded among rhinoceroses, living fossil, bars this species from ancestry any 
other known form. weak internal cingulum present all the molars. The 
ectoloph and metaloph form straight line. The posterior cingulum reduced. 
The post-glenoid and post-tympanic processes are well separated below the external audi- 
tory meatus.” 

first and third left incisors, both canines, what apparently the left deciduous 
canine abnormally retained old age, and all the cheek-teeth are present. There also 
associated loose first right upper incisor, which may have dropped out this specimen. 
so, must have done after death, but before fossilization, since the alveolus filled 
with completely consolidated 

Wood’s description gregoryi follows: ‘‘The holotype A.M.N.H. No. 
13226a. This form almost large Trigonias wellsi. The upper canine larger 
than the third incisor. The pattern the similar that the paratype 
platycephalus, figured Osborn (1898, Pl. XIII, Fig. Upper premolars 
2-4 are very progressive for Trigonias, bearing more resemblance ‘Caenopus’ platy- 
cephalus than either the other species (i.e., osborni and 
any other hitherto known form. There hypostyle the upper premolars. 
virtually molariform, with complete metaloph which separate from the protoloph down 
the level the cingulum. and are also progressive although less advanced than 
P2. The hypocone nearly independent the protocone, but not completely 
joined the metaconule. more advanced both respects, however, than 
wellst Trigonias osborni. The metaloph almost complete the right P4, but much 
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the left P4, where the hypocone rudimentary. There what appears 
antecrochet the right P4. This unprecedently early appearance for this structure. 
The molars have internal cingulum. The ectoloph and metaloph form straight 
line. The posterior cingulum well developed. The posterior margin the nasal 
incision vertically above the anterior border 

gregoryi, especially the progressiveness P2, tends break down the 
clear distinction between and the later forms, usually referred Caenopus, 
thisjterm was used Troxell 

the differences premolar complication between the typical skulls 
and gregoryi should prove constant, there will then question the specific 
distinctness the latter. the South Dakota area, however, there such abundance 
Trigonias remains there Colorado, and transitional forms are far less common. 
quite possible, therefore, that will prove merely one the fluctuating 
variants the type-species, osborni. 

Trigonias cooki Wood very like gregoryi, but much smaller. 

The difference, still unexplained, between the Colorado and the Dakota localities 
the abundance remains very striking. 


MEASUREMENTS 
A.M.N.H. 
No. 13,226 No. 
wellsi type type 

Upper canine, ant.-post. diameter................. 11.5 12.5 
Upper canine, transverse diameter................ 7.5 
Cheek-tooth series, 256 252 
Upper premolar series, length.................... 120 114 
Upper molar series, 141.5 139.5 


Horizon: Chadron. 
Locality: Corral Draw, Big Bad Lands, So. Dakota, Weld Co., Col. 
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Trigonias taylori Gregory and Cook 


Trigonias Gregory Cook: Proc. Colorado Mus. Nat. Hist., Vol. VIII, 17, 1928. 
Trigonias osborni Figgins (nec Lucas): Proc. Colorado Mus. Nat. Hist., Vol. XIII, No. 
11, 1934. 


some ways, this the most remarkable skull far found the Weld County 
series. Unlike all other known Trigonias skulls, short, wide, and deep, brachycephalic 
type, with number marked peculiarities when compared with the other described 
forms, with any skulls The general conformation the skull strongly 
suggestive type that could have led readily such later development find 
Peraceras the late Miocene and lower Pliocene. The back the skull very much 
elevated but the occiput ends anterior the condyles, whereas the other described species 
extends backward, most types very marked degree. The whole basi-cranial region 
crowded and the external auditory meatus nearly closed below: the wide and slender 
occipital condyles are, the outside, slightly overlapped the paroccipital processes 
the exoccipital; these turn, the postglenoid processes, which are peculiarly wide, 
angular, and backward sloping. The zygomatic arches have the same type sharp elbow- 
angulation that isso marked Peraceras. One the most striking features the develop- 
ment remarkable pair heavy rugose knobs the frontal over the orbits, quite unlike 
the rudimentary horn development other known Oligocene Rhinocerotidae, either 
position size. The nasals curve rather sharply downward, extending over pair 
rugged premaxillae, thick and short, with the three incisors and canines crowded together; 
all functional teeth, more comparable conditions found horses than rhinoceroses! 
This crowding marked that and are both forced transversely the jaw. The 
posterior edge the second incisor turns outward, while the anterior edge the third turns 
out. Unfortunately, the first upper incisor absent both sides, but from the alveoli 
obvious that they were relatively smaller than usual Trigonias. This, together with 
the presence functional teeth behind it, points primitive condition, all these teeth 
showing marked and heavy wear. 

zygomatic arches rise considerably above the top the small braincase their 
posterior tips. Premolar two nears complete molarization, with the deuterocone and 
tetartocone distinct; the metaloph still slightly more slender than the protoloph and just 
becoming connected with the tetartocone, structural stage not shown other types 
illustrated herewith. has the protoloph developed large, heavy curve, extending 
around the whole inner side the tooth, broadly expanded the deuterocone. There 
suggestion the tetartocone, and the wearing crest ends confluently with the cingulum 
the posterior side the tooth, near the middle, transversely. The ectoloph wide and 
heavy, and the metaloph very short, but relatively wide. almost identical pattern 
P3, but very pinched and crowded and correlated with the excessively short face, that 
its transverse diameter greatly exceeds the antero-posterior measurement. relatively 
crowded. The molar patterns are closely comparable those the other species. 

lower jaw remarkably curved and heavy, and the coronoid process actually 
curved forward over the molars angle degrees, character correlated with the 
extremely brachycephalic skull. The incisors, both upper and lower, and the canines 
this skull are much heavier than the other types (Op. cit., pp. 17, 19.) 


. 
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This remarkable form, which only single skull known, seems 
unquestionably valid species; among the many skulls which are contained 
the museums Denver, Pittsburgh, and New York, there not one which approximates 
taylori. The only writers who have rejected the species are and Matthew. 
(Loe. cit.) 


The following measurements are selected from Gregory and Cook, 21. 


MEASUREMENTS 
Skull, length premx. cond........ 474 mm. Upper cheek-tooth series, length........ 185 mm. 
Skull, breadth over zygomata.......... 262 Upper premolar series, length.......... 
Skull, length fr. tip nasals crest 479 Upper molar series, length............. 107 


Horizon: Chadron. 
Locality: Weld Co., Colorado. 


Amphicaenopus Wood 


Aceratherium (nec Kaup): Bull. Amer. Mus. Nat. Hist., Vol. VI, 206, 1894. 
Caenopus Osborn Matthew (nec Cope): Ann. Acad. Sci., Vol. XIX, 41, 1909. 
Amphicaenopus Wood: Bull. Amer. Palaeont., Vol. XIII, No. 50, 72, 1927. 


This name doubtful validity but its exact status will remain uncertain until 
larger suite better and more comprehensive specimens shall have been 


ing Professor Wood, this somewhat questionable genus defined follows: Large 
form with primitive, especially p3; appears direct continuation Trigonias: 


protoloph and metaloph may separate and parallel, most advanced 
upper premolar; not molariform, hypocone isolated (Wood, Ms.) 

The single known species, platycephalus (O. W.) was thus defined Osborn 
(1898) making the necessary corrections for the homology the lower incisors: (a) Lateral 
upper incisors reduced, median lower incisors greatly reduced, second lower incisors greatly 
enlarged and procumbent. (b) Permanent canines absent. (c) The upper premolars are 
very primitive; has anterior and posterior cross-crests which are complete, but are sepa- 
rate from the outer wall; the valley opens internally; and the posterior crest very 
short and, little worn teeth, not connected with the internal cusp, which conical and 
free. (d) Upper molars and have antecrochets. (e) Skull broad, sagittal crest nearly 
obsolete; post-glenoid and processes limited contact. 


Amphicaenopus platycephalus (O. and W.) 


Aceratherium platycephalum W.; Bull. Am. Mus. Nat. Hist., Vol. VI, 206, 1894. 
Caenopus platycephalus Ann. Acad. Sci., Vol. XIX, 41, 1909. 
Amphicaenopus platycephalus Wood: Bull. Amer. Pal., Vol. XIII, No. 50, 75, 1927. 


The type was obtained the upper Brulé (Protoceras Beds) and the species was subse- 
quently reported from the Chadron, but unless the identification mistake, implies 
that the genus must have persisted through lower Brulé time, though may possibly have 


Figgins, D., Color. Mus. Nat. Hist., Vol. XIII, No. 11. 
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withdrawn from the Great Plains area for some unknown reason. much more likely, 
however, that its seeming absence from the lower Brulé beds one the accidents fossili- 
zation and collecting which many have been reported. The following table taken 
from Osborn’s memoir.! 


MEASUREMENTS MM. 


Type Cotype Jaw Jaw Chadron 

No. 540 No. 542 No. 545 No. 1478 
501 


Jaws, angle point symphysis........... 530 


The type skull (A.M.N.H. No. 340) has been much distorted vertical crushing and 
second skull, with mandible, the Princeton Museum, has suffered from lateral compres- 
sion, and although shows well the relatively large size these animals very different 
from the type appearance; probable that the difference the direction 
crushing has caused the unlikeness the two skulls. 


Horizon: Upper Brulé and ?Chadron. 
Locality: Big Bad Lands, So. Dak.; Hat Creek, Nebraska. 


Caenopus Cope 
(Pl. 


Aceratherium Cope (nec Kaup): Ann. Rep’t. Geolog. and Geogr. Surv. Terr’s for 
1873, 493. 

Aceratherium (Subhyracodon) Brandt (in part): Mém. Acad. Sci. St. Pétersb., Sér., 
XXVI, 30, 1878. 

Caenopus Cope, Amer. Natural., Vol. XIV, 611, 1880. 

Hyracodon Scott Osborn (in part. nec Leidy): Bull. Mus. Comp. Zool., Vol. XIII, 170, 
1887. 

Caenopus Wood: Bull. Amer. Palaeont. Vol. No. 50, 55, 1927. 

?Procaenopus Figgins: Col. Mus. Nat. Hist., Vol. XIII, No. 11, 1934. 


restricted Wood, this genus probably distinct, though still very imper- 
fectly known, being represented fragmentary specimens. referable the genus 
are rare. 

Consistently small size characterizes the species this genus throughout their history; 
but size alone is, course, insufficient generic character. more significance, yet 
not altogether certain, one found the incisor teeth: the first upper and second lower 
seem relatively much less enlarged than other White River members the family; 
and the lower jaw the symphysis narrow that the median incisors must have been 


Osborn, F., Mem. Amer. Mus. Nat. Hist., Vol. 141. 
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very small, and dakotensis their presence doubtful. The premolars are more nearly 
molariform than other White River genera, and particular more advanced toward 
the molar plan than the other White River genera. 

Caenopus has been found the Chadron and the upper Brulé, but not the intervening 
lower Brulé, and the two sets fossils admit little direct comparison between them. 
Statements that are true the earlier species (C. mitis) may not apply the later (C. 
dakotensis), and vice versa: 

fore limb small rhinoceros from the Chadron (Princeton Univ. Mus. No. 11,418) 
unfortunately not associated with teeth, very probably belongs this genus because its 
size, for seems too small referable Trigonias Subhyracodon. The only note- 
worthy feature this specimen the tridactyl manus, which, course, removes from 
Trigonias. The scapula and limb-bones, humerus, ulna, and radius, are like the corre- 
sponding parts Subhyracodon require description figuring, and the manus, 
which has certain peculiarities, most appropriately described under the species, mitis. 


Caenopus mitis Cope 


Aceratherium mite Cope: Ann. Rept. Geol. and Geogr. Surv. Terr’s., 1873, 493. 

Aceratherium (Subhyracodon) mite Brandt: Mém. Acad. Sci. St. Pétersb. Sér. 
XXVI, 30, 1878. 

Caenopus mitis Cope: Amer. Natur. Vol. XIV, 611, 1880. 

planiceps Scott Osborn: Bull. Mus. Comp. Vol. XIII, 170, 1887. 

Caenopus pumilis Cope: Geol. Surv. Canada, Cont. Canad. Paleon. III., 17, 1891. 


The only known species from the Chadron, mitis, uncommon and represented 
fragmentary remains. The type specimen (A.M.N.H. No. 6325) consists much 
the skeleton more less fragmentary state, parts the palate, basis and 
mandible. lower teeth are preserved, but fairly complete condition remain. 
Several vertebrae, including nearly perfect axis, distal end scapula, both ends humerus, 
radius, magnum, femur, tibia, distal end fibula, and the astragalus are condition and 
permit comparison the Princeton fore leg and foot with the type. All these bones are like 
those Subhyracodon smaller scale. The type specimen was young adult, for some 
the vertebrae have lost their epiphyses, but the referred fore leg (P.M. No. 11,418) was 
fully adult animal. 

The manus (No. 11,418) very complete preservation except for the loss certain 
phalanges; the absence the fifth digit and the tridactyl structure immediately remove 
from While close that Subhyracodon, there are characteristic differences 
which support Wood’s contention that Caenopus should recognized separate genus, 
especially the relative shortness and sturdiness the metacarpals; the proportions are more 
the metapodials are decidedly more slender and elongate (Pl. Fig. 1), proportions 
which are further emphasized Diceratherium the upper Brulé and the John Day, and 
show that those genera cannot have been ancestral any the modern rhinoceroses, their 
development leading away from the latter. 

The carpus Caenopus, like the whole manus, proportionally shorter, broader, and 
palmo-dorsally thicker than Subhyracodon, and each the carpal bones shows similar 
relative differences; also differs considerably from that Recent rhinoceros and, 
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despite its tridactylism, the carpus has more resemblance that tapir. The scaphoid 
short and heavy, broader and thicker than Subhyracodon, but otherwise very much 
the latter, and differing from that Rhinoceros very similar fashion. Distally, the 
scaphoid rests upon the trapezium, trapezoid, and magnum, for each which has facet. 

The lunar likewise broader than Subhyracodon, and more widely removed from any 
dorsal contact with the magnum; the distal end less contracted and has wider facet for 
the unciform, the dorsal border which straight. This marked difference from 
Rhinoceros, which the distal end beak, made the oblique facets for magnum and 
unciform, which meet acute angle. The pyramidal lower and wider than Sub- 
hyracodon, otherwise closely similar shape and connections. The pisiform short and 
broad, with much expanded and club-like free end, compressed and contracted neck and 
broad proximal end; the facets for the ulna and the pyramidal are large, nearly equal 
size, and join acute angle. 

The carpal elements the distal row differ rather more form and proportions from 
those Subhyracodon than the proximal row. The trapezium small, 
irregular nodule, which articulates only with the and trapezoid and, unlike the 
genus last named, visible when the foot seen from the dorsal side. The 
shorter proximo-distally and wider than Subhyracodon, but yet actually narrow and 
elongate; articulates, usual, with trapezium, magnum, and scaphoid and, distally, with 
the second metacarpal, for which bears saddle-shaped facet. The magnum differs 
decidedly from that being larger and, especially, broader and having 
more extensive contact with the lunar, while, dorsally, appears not touch the scaphoid 
all; the disto-radial facet for the process from the head me. larger and less oblique 
than the other genus, while the surface for mc. III broader and more convex trans- 
versely. The unciform wider than Subhyracodon, especially the beak-like 
extension beneath the lunar, the facet for which and that for the magnum meeting almost 
aright angle. The surfaces for the magnum and the third and fourth metacarpals form one 
continuous curve, but that vestigial fifth the ulno-distal side angulation. 

The metacarpus consists three functional members, me. II, III, IV, and nodular 
vestige me. and yet, despite the complete reduction the fifth digit, the appearance 
and proportions the functional metacarpals are more Trigonias than Subhyra- 
codon, which has such long and narrow feet, which become increasingly elongate its 
descendant Diceratherium. those two genera the metacarpals have slightly divergent 
arrangement, whereas Caenopus they are closely applied for nearly their whole length. 

general, the shape and relative proportions the metacarpals are very much 
Subhyracodon, except for the distinctly greater breadth and thickness the shafts, and for 
slight differences the articulations with the carpals. The second metacarpal, me. II, 
has more concave surface for the trapezoid and larger, more vertical and lateral facet 
for the magnum; the shaft stouter and less curved, and the distal trochlea more nearly 
hemispherical. The third metacarpal, III, more distinctly different from the corre- 
sponding bone Subhyracodon than any other the metapodials, and the most obvious 
difference its greater relative stoutness; the facet for the magnum larger and trans- 
versely more concave, and that for the unciform more oblique; the shaft broader through- 
out. The fourth metacarpal very much like that Subhyracodon, except for the greater 
stoutness the shaft. Metacarpal small nodule, which clearly vestigial and use- 
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less. The complete reduction digit and the changes the carpus which followed loss 
the fifth digit are the principal differences from the manus 
the phalanges, three are preserved, different one for each digit; digit the 


ungual, digit III, the proximal one, and digit IV, the second; they differ hardly all 
from those Subhyracodon. 


MEASUREMENTS 
P.U.M. 
No. 11,418 No. 6325 
Upper premolar series, mm. 
Scapula, ant.-post. diam. glen. 
Humerus, dist. width over 
Humerus, dist. width over 
Magnum, prox.-dist. length dorsal face................ 
Magnum, transv. width dorsal face................... 


Horizon: Chadron. 
Localities: Cedar Creek, Col.; Big Bad Lands, So. Dak. 
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Caenopus dakotensis Peterson 


Aceratherium mite Osborn (nec Cope): Mem. A.M.N.H., Vol. 136, 1898. 
?Caenopus dakotensis Peterson: Mem. Carn. Mus. Pittsb., Vol. VII, 402, 1920. 


This species was founded upon nearly perfect mandible, with the anterior end 
the symphysis somewhat broken. addition, Wood identified belonging this 
species fossil the Berlin Museum comprising the base skull with both series cheek- 
teeth place, lacking the right side, and the addition there 
large fragment each horizontal ramus the mandible with the molar series place. 
Professor Wood has kindly supplied with cast the Berlin specimen, from which the 
following description and measurements have been taken. far they are comparable, 
the two individuals are almost exactly the same size save thickness ramus, and 
there every reason assume that they belong the same species, though the provenience 
the Berlin specimen not definitely stated. 

the type (A.M.N.H. No. 1110) the number lower incisors indeterminate because 
the fractured condition the symphysis, but, all appearances, the median pair(il) 
was lacking. The laterals (i2), which the root remains the right side, are semipro- 
cumbent tusks, relatively smaller than the other White River genera the family. The 
six cheek-teeth, which are much worn, display characteristic features other than their 
small size. The angle somewhat thickened rhinocerotic fashion, but very much less 
than Recent genera and relatively less than Subhyracodon. The post-cotyloid 
process prominent and rugose, but thin ridge, which much less massive than 
Subhyracodon. The masseteric fossa placed very high upon the side the jaw and 
shallow and ill-defined. The condyle narrow and obliquely placed, sloping steeply in- 
ward and, near the internal end, the articular surface reflected narrow band upon the 
hinder side the condyle for the corresponding surface the postglenoid process. One 
the few respects which the Berlin mandible differs decidedly from that the type 
having the ascending ramus considerably thickened, the breadth the anterior border, 
just behind m3, being the proportion 

The upper grinding teeth, all which except are preserved the Berlin skull, are 
somewhat more complex than mitis. The transformation the upper premolars 
has proceeded farther than any the genera species described the foregoing pages. 
This individual was much younger than the type mitis; the premolars are but moder- 
ately abraded and the third molar hardly all worn. other White River rhino- 
ceroses, the external side the premolar crowns remains different from the molar form, 
having two equal cusps, each marked But, except for the buccal surface, 
are very like molars; each has two parallel, transverse crests, which are rather less oblique 
and more directly transverse than the molars. p2, which the smallest the three, 
the anterior crest very short and thin and only touches the which 
retains its conical shape; and both crests are fully developed and the valley between 
them wide open internally; each tooth there small, but very distinct crochet which 
arises from the posterior crest and gives these teeth characteristically different appear- 
ance from the same mitis, though minute crochet may seen the type 
that species. the first and second molars crista given off from the inner face the 
external wall, though abrasion has removed almost all trace it. ml, least 


mitis, there well defined ante-crochet, which does not appear dakotensis. 
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Osborn (1898, 140) gives the following measurements Peterson’s type: mandible, 
length angle symph. 255 mm: cheek-tooth series, length, 124 mm, lower molar series, 
length, mm; horiz. ramus, depth below m3, mm. 


Horizon: Upper Brulé. 
Locality: Big Bad Lands, So. Dak. 


Subhyracodon Brandt 
(Pls. 


Rhinoceros Leidy (nec. Linn.) part: Proc. Acad. Nat. Sci. Philad., Vol. 276, 1850. 

Aceratherium Leidy (nec. Kaup): 331, 1851. 

Subhyracodon Brandt (Subgenus Aceratherium): Mém. Acad. Sci. St. Pétersbourg, VII 
Ser., Tom. XVI, 30, 1878. 

Anchisodon Cope: Amer. Naturalist, Vol. XIII, 270, 1879. 

Caenopus Cope, part: Vol. XIV, 48; 1880. 

Leptaceratherium Osborn: Mem. Amer. Mus. Nat. Hist., Vol. 182, 1898. 

Subhyracodon Wood: Bull. Amer Palaeontology, Vol. XIII, No. 50, 59, 1927. 
Raised generic rank. 


shown Professor Wood, Brandt’s most unfortunate and ill-chosen term 
must employed for this genus, which, for half century, has been familiarly known 
Cope’s name Caenopus. The latter term, has been seen, need not discarded, but may 
employed restricted sense. apparently came into existence before 
the end the Chadron substage, but especially characteristic the lower Brulé, where 
took the place the Chadron and may have been one the direct descendants 
that genus. There are two structural features which Subhyracodon distinctly more 
advanced and modernized than Trigonias: (1) the manus has lost the fifth digit and 
tridactyl; was this that Cope’s term Caenopus referred; (2) the incisors are present 
reduced number and the upper canine has been lost. 


DENTITION 


The dental formula is: very young animals there may small upper 


canine, which early shed and not replaced, and not clear whether this tooth belongs 
the first second set. 

Upper Teeth. The first incisor, il, has the form characteristic all the Oligocene 
Rhinocerotidae, with the probable exception Caenopus, which this tooth appears 
have been but little enlarged: the present genus the first incisor more less like the 
sectorial carnivore, shears inside the lower tusk and differs from that such modern 
genera retain the incisors merely being smaller. The second incisor, i2, which exist- 
ing rhinoceros has, much smaller than the first and different shape, being simply 
conical, and, must have been useless vestige; third incisor has been 
found any the skulls. 

The canine, before noted, somewhat uncertain status, for seldom preserved 
and was shed early, and may either the milk the permanent series; all events, 
merely vestigial. 
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The premolars, four number, follow the second incisor after long diastema and are 
partially molariform; but the transformation was taking place irregular manner and 
not, did the horses, gradually from behind forward. Even the existing rhi- 
noceroses the molarization the upper premolars not altogether complete, the external 
wall still remaining somewhat different, though, otherwise the premolars the Recent 
genera may fairly called molariform. Though there considerable individual variation 
the form the upper premolar teeth, the variability not comparable that displayed 
those Trigonias. 

The first premolar, much the smallest the series and usually like very little 
molar, with two short transverse crests, separated valley. The second premolar, p2, 
more generally molariform than any the others; its two transverse crests are well 
separated, and the principal and posterior valleys are both present, but the crests are less 
inclined backward than molar and the external are much more nearly equal. 
The third premolar, p3, more variable; may nearly molariform p2, the inner 
ends the cross-crests may connate, closing the valley internally. The same true 
p4, except that that tooth the confluence the inner cusps appears the rule. 
The premolars have much more prominent internal cingula than the molars; externally 
these are inconspicuous. 


The molars are those the true rhinoceroses their simplest expression; none the. 


accessory cusps spurs are present, except the antecrochet which conspicuous 
faintly marked m2, and absent from m3. The latter has the form characteristic all 
known members the family, with triangular outline, the external wall and posterior crest 
being connate, the wall not extending behind the crest does Hyracodon and Meta- 
mynodon. The internal cingulum far better developed the premolars than the 
molars, which the external cingulum more prominent. 

Lower Teeth. The first incisor small vestige, which must have been without func- 
tion; is, therefore, interest note that those Recent rhinoceroses which have re- 
tained incisors, those useless teeth are farther reduced than they were the Oligocene. 
The second incisor, the family generally, procumbent tusk, which the size and 
the degree procumbency vary much different individuals; some, the tooth almost 
horizontal, while others may form angle 45° with the symphysis. shape, the 
crown nearly constant; elongate, laterally compressed cone, bluntly pointed, and 
with its lingual surface worn the abrasion the large upper incisor, il. 

The premolars are, for the most part, incompletely molariform; the first one, 
very much the smallest and simplest the series; inserted single root, and the 
crown compressed and conical form, with minute inner and outer folds and complete 
cingulum; that this tooth was some use shown the worn apex. The second premolar, 
p2, more than twice large the first and the elements are more distinctly shown; 
there are two internal valleys, which the posterior much the larger; externally, the 
anterior lobe much the larger; the postero-internal cusp very enlarged 
copy and not altogether molariform, though completely so; the molars, 
the postero-external lobe the largest. 

The molars are very uniform all the American genera the family, though the 
upper Miocene and lower Pliocene species the teeth are higher-crowned than those 
the Oligocene, which are low-crowned. Metamynodon has higher crowns, but the White 
River members the other two families all the teeth are brachyodont. 
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young skull the American Museum (No. 584) has all the tem- 
porary teeth place and gives the formula, the lack any trace canine 


this very complete specimen may interpreted, either showing that the vestigial 
canine variable structure, present some individuals and absent others, else 
that belongs the second dentition. 

Upper Teeth. The deciduous incisors are very much smaller than the permanent ones, 
but resemble them shape; the first one, dil, relatively prolonged the antero-posterior 
direction, thin, and compressed the enamel-covered crown very low and has 
bluntly trenchant edge. The next succeeding milk-incisor, di2, separated long 
interspace from the first and, judging from this position alone, one would inclined 
the third rather than the second the series. The crown minute cone, small 
that can have been possible use. 

The deciduous premolars are molariform only part. The first one was appar- 
ently not replaced, but persisted the permanent series; least, have seen individual 
which such change indicated. the present specimen, the tooth entirely unworn; 
the outer wall seems consist single lobe, with faintly marked median rib, ending below 
point; the single lobe compressed cone, with trenchant border, and there small, 
pointed, anterior basal cusp; the external cingulum incomplete and faintly marked, 
except the hinder half. There are two internal cusps, conical shape and connate, 
but with separate apices; even after considerable amount wear, the distinction plain. 
There anterior, but posterior, transverse crest; the ridge divides the valley into two 
parts, the anterior one which deep pocket, enclosed between the transverse crest 
and the outer wall. main valley closed inwardly the connate inner cusps, but 
opens freely behind. 

The second milk-premolar, dp2, much larger and more nearly molariform than the 
first, yet differs notably from molar the constitution the external wall, which seems 
made two equal lobes, demarcated median rib. Between these lobes, there 
slight difference, the anterior one being little more convex; there antero-external 
style, basal cusp. There are two cross-crests equal height, between which the valley 
which opens freely inward, except for small enamel ridge, tubercle that depends from 
the cingulum; the crests have less oblique course than the true molars. 

The third milk-premolar much larger than the second, and differs decidedly from that 
tooth the appearance the external side; the two outer cusps, equal size, have each 
definite median rib, which produces point the cutting edge below, and there ob- 
scure anterior style. Cross-crests and valleys are much the same dp2, but there 
minute enamel ridge the inner end the valley. 

curious reminiscence its Eocene ancestry retained dp3 Subhyracodon the 
difference its two external lobes, the anterior one being convex, and the posterior concave, 
less markedly than Hyrachyus, even Colodon, but yet unmistakably so. 

The fourth milk-premolar the largest and most nearly molar-like the series; the 
antero-external cusp narrow, the postero-external one broad and nearly plane; and the 
anterior style, which absent from dp2 and obscure very distinct; the transverse 
crests have more oblique course, and the posterior one shortened. Even so, however, 
the outer side this tooth not exactly like that molar. 
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Lower Teeth. The incisors, like those the upper jaw, are very much smaller than 
their permanent successors. The first one, dil, exceedingly small, antero-posteriorly 
compressed, and entirely unworn. these teeth were not opposed any others, they 
cannot have had any functional importance. 

The second incisor, di2, minute tooth, with pointed, conical crown, which im- 
planted the erect position, thus differing notably from its procumbent and very much 
larger successor. view the considerable amount wear the cheek-teeth this 
specimen, the completely unworn condition the incisors worthy notice, showing 
that the young animal the front teeth were little not all used. 

The temporary premolars number four, the permanent ones three, for the milk- 
premolar, when shed, was not replaced. This tooth differs completely from the other cheek- 
teeth the first dentition; much smaller and more simple, having compressed conical 
crown, with trenchant border and acute anterior basal cusp. the posterior side the 
principal cusp are two parallel enamel ridges, which enclose small fossette. 

The second milk-premolar, dp2, nearly twice long antero-posteriorly the first, 
and has bilobate crown; the anterior lobe like the whole larger scale, and with 
the anterior basal cusp much enlarged. The posterior lobe lower vertically and cres- 
centic shape, with shallow internal valley. 

The third milk-premolar, dp3, bicrescentic, and its anterior basal cusp nearly 
obsolete. 

The fourth miik-premolar altogether like molar. 


SKULL 


The skull Subhyracodon very closely similar that Trigonias, but differs 
number details; for example, the nasals are much shorter, broader and less acutely 
pointed, and the cranium rises much less steeply from the peculiar 


Fig. 138. occidentalis: Skeleton, left side: A.M.N.H. 
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this respect, resembling the later rhinoceroses which have developed horns. The general 
aspect the skull may described first before the details are taken up. 

Lateral View. While completely rhinocerotic character, this skull differs great 
many respects from the modern members the family. the first place, the skull very 
flat and the upper profile nearly straight, rising very gently from the supra-orbital region 
the occiput. The face relatively elongate, and the post-orbital cranium short 
comparison with that the later species, which are horn-bearing. The face also low 
vertically, correspondence with the extremely brachyodont teeth. The nasal incision 
islong. The premaxillary region also elongated comparison with modern species. The 
orbit widely open behind, the Recent rhinoceroses; but the postorbital process 
which some modern forms show the jugal nothing more than angulation. The 
occiput prolonged very far posteriorly, and extends much farther beyond the line the 
lower jaw than existing rhinoceroses. The mandible long and shallow, the ventral 
border rising gently the symphysis, which nearly procumbent. Among modern species, 
the Indian Rhinoceros unicornis most like Subhyracodon the shape this symphysial 
region. 

The horizontal ramus shallow and slender; and the angle, while distinctly thickened, 
very much less than the species from the upper Miocene the present, which the 
broad, massive angle characteristic all forms. The masseteric fossa notably smaller 
than Recent species, and the coronoid process higher. 

Superior View. The sagittal crest distinctly present, giving this aspect the skull 
very different appearance from that any modern species. Though present, the crest 
very short, and speedily broadens into sagittal area. The widest portion the skull 
across the zygomatic arches the glenoid cavities. From that point forward, narrows 
gradually and gently the premaxillae. The occipital wings are not prominent. The 
zygomatic processes are thin and plate-like; the forehead broad and slightly convex; and 
the nasals, which are very long, are decidedly convex, with depression along the suture 
between them. 

The likeness this skull that Eocene genera, such Hyrachyus, very marked; 
but Hyrachyus the brain-case relatively much less capacious, and the sagittal crest 
very much longer. 

Forms and Connection the Skull Bones. The basioccipital very broad behind, the 
condyles being much extended transversely, and narrows forward rapidly the suture 
with the basisphenoid; the exoccipitals are low and broad, and the paroccipital process 
very long and laterally compressed. The supraoccipital large, extending high above the 
foramen magnum, and ending above transverse crest, which very little notched the 
adult, quite deeply the young skull. extends well over upon the roof the cranium. 
The parietals are very long and form nearly all the roof the cerebral fossa, owing 
the low vertical height the squamosals and the shortness the frontals. The frontals, 
noted, are decidedly short. They broaden regularly from the parietals the roof 
the orbits, where they reach their maximum width the postorbital process. Anteriorly, 
each frontal deeply incised the nasal, with the short median nasal process between. 
The frontals have lateral nasal processes, the suture being curved but only transversely. 
Frontal sinuses are doubt present, but they not cause protuberances the forehead. 
The orbit small, and demarcated rather prominent postorbital process the 
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frontal. The nasals are very long, extending forward from the anterior rim the orbit, 
although they form part these openings, being excluded the junction frontal 
and lachrymal. Posteriorly, they are very broad and short, the hinder ends diverging 
admit the median process the frontal. The nasals are very convex and show broadly 
lateral view, where they have long suture with the frontal. The free portion the 
nasals, which extends over the anterior nares, long, extending almost far forward the 
premaxillaries, though not quite; and this portion much broader than 

The are quite unlike those modern genera, although easy see that 
the latter condition must have been derived from that seen the White River genera. 
There distinction between the horizontal and ascending rami, though the angle between 
them very low. The horizontal portion small but stout, with alveoli for the two 
incisors. The ascending portion rises gently the limited contact with the nasals. The 
maxillary suture long gentle slope, descending from the nasal suture. The incisive 
foramina are rather small but deeply incising the palatine processes the maxillaries. 
The palatine plates the premaxillaries are narrow. The very large 
bone, and forms almost the whole the face. Its pre-orbital portion, although relatively 
high, lower than the modern genera. There long suture with the nasal, and 
lachrymal glandular pit front the orbit. The infraorbital foramen placed high 
and over the hinder part the second premolar. The palatine processes form broad 
palate which narrows forward and mostly edentulous part the palate 
between the second incisor and the premolars. The palatines form but small part the 
hard palate, extending the anterior part ml. The posterior nares are large, extending 
the anterior portion m2; the opening lanceolate, broadening the line the third 
molar. The posterior palatine foramina are each side the posterior nares opposite m1. 
None the skulls show the pterygoids the orbito- alisphenoids. 

The jugal compressed and narrow, but deep dorso-ventrally; posteriorly, extends 
beneath the zygomatic process the squamosal the glenoid cavity. 

The very low its cranial portion, forming none the roof and but little 
the side wall the cerebral fossa. The post-tympanic and postglenoid processes are 
well separated. The glenoid cavity very like that modern rhinoceroses. There 
convex anterior ridge with concave fossa behind it. The postglenoid process partly 
tapiroid and partly rhinocerotic. much broader than the modern rhinoceroses, but 
still has facet for the postcotyloid process the mandible which such characteristic 
feature the family from its earliest known members. The zygomatic process the 
squamosal long and broad dorso-ventrally, but rather thin and plate-like transversely. 
Its border elevated make concave valley with the side the skull. 

The lachrymal rather small, but forms the dorsal half the anterior orbital boundary. 
articulates with frontal, maxillary, and jugal, and has very limited suture with the 
posterior part the nasal. The spine prominent, and the foramen within the orbit. 
The jugal massive bone, but plate-like and compressed. articulates with the 
lachrymal above, the maxillary front and below, and the squamosal behind. 

The general aspect the mandible seen from the side has already been described. 
primitive, having decided resemblance that Hyrachyus, and yet the same time 
characteristically The symphysis very low and procumbent, the lower 
incisors pointing almost directly forward. The edentulous part the ramus behind the 
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second incisor very slender, but the jaw deepens posteriorly from that point regularly 
the angle. The thickening the angle, already mentioned, present, but very much 
less than one the modern genera. The masseteric fossa limited the portion 
the jaw above the level the teeth, marked difference from the later genera. The condyle 
less sessile, and the sigmoid notch decidedly deeper, while the coronoid higher and 
more recurved than the later genera. 


VERTEBRAE AND RIBS 


Like Trigonias and the other White River genera the family, this animal much 
like tapir proportions. The exceptionally complete skeleton occidentalis the 
American Museum Natural History somewhat larger than the South American 
terrestris, and considerably larger than Trigonias osborni, which closely resembles struc- 
ture and proportions, though differing great many details nearly every part the 
skeleton. The atlas very like that Trigonias except that the hypapophysial tubercle 
larger and much more conspicuous. the the principal difference from 
the shape the neural spine, which much more extended antero-posteriorly, the 
anterior portion projecting much farther forward and extending over the atlas. The 
shape the spine more like that carnivore than that ordinary 
perissodactyl, the dorsal border curving regularly upward the posterior projection, which 
overhangs the third vertebra. Cervicals 3-7 are like those Trigonias general way, 
though with several minor differences: thus nos. and have short neural spines, and those 
and are not quite long. The inferior lamellae are more prolonged antero-pos- 
teriorly, and the diapophyses are less prominent and whole, the neck 
longer and heavier. 

The dorsal vertebrae have even more slender spines than Trigonias and are more 
widely spaced apart; they differ somewhat shape, being more regular outline. They 
are highest the shoulder and incline backward the 16th, which the anticlinal. The 
height the spines compensates the curve the vertebral column make the summit 
line the back nearly level, with gentle descent from the shoulder the rump. The 
lumbar spines are higher and narrower than Trigonias, and the transverse processes are 
much better developed, both length and width. The sacrum remarkably long and 
narrow, and made six vertebrae, which the anterior two are contact with the 
ilia; the spines are shorter and have more decided backward inclination than 
two spines are contact the tips. 

Caudal vertebrae are the mounted skeleton, and they indicate that the tail was 
rather shorter and thinner the root than Trigonias. the anterior part the tail 
the various processes are much less complete than the latter; only the first five caudals 
have distinguishable neural arches and transverse processes, and the 5th these are hardly 
more than vestigial. The anterior vertebrae are much narrower than those 
and indicate that the latter the root the tail was much broader and, presumably, was 
more flattened dorso-ventrally. Behind the 5th caudal the vertebrae are the usual sub- 
cylindrical shape with contracted middle and expanded ends; these are stouter than the 
length the two tails are much alike. are substantially Trigonias. 
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LIMB AND GIRDLE 


describing the scapula will not necessary more than point out the features 
which differs from that Trigonias, for the two scapulae are essentially alike and 
differ only minor details. Subhyracodon the scapula broader, especially the post- 
spinous fossa. The coracoid much larger and more prominent, making the coraco- 
scapular notch much better defined. The spine rises nearer the supra-scapular border 
and ascends more gradually the metacromion, but the ventral part does not descend 
far upon the neck and ends more abruptly. 

The humerus more slender than but otherwise very much like it. The ex- 
ternal tuberosity very large, but low, extending across the whole anterior face the 
proximal end and forming very deep and narrow bicipital groove. This tuberosity 
less distinctly divided into two lobes, internal and external, than for the narrow 
notch the latter is, Subhyracodon, gradual depression the border. The deltoid 
crest descends for nearly half the length the shaft, but ends more gradually below and 
less rugose; low thickening foreshadows the deltoid hook, which character- 
istic the modern rhinoceroses and which distinct the genera the upper Brulé 
substage. The supinator ridge, the other hand, more prominent and rugose. 

The bones the fore arm are longer and somewhat stouter than The shaft 
the radius more curved, and the anconeal process the ulna rather larger and more 
thickened the end. the manus, which tridactyl, there are number differences 
the carpals and metacarpals. The lunar, which rests almost equally upon the 
magnum and unciform, has Subhyracodon shifted toward the ulnar side and, dorsally 
least, lies upon the unciform only; the latter narrower than T., for the vestigial me: 
occupies much distal space does the complete bone The functional metacarpals 
are longer and decidedly stouter, especially III, and are arranged more spreading 
manner. Phalanges are substantially alike. The carpus thoroughly adjusted the 
tridactyl condition, while Trigonias the effect the greatly reduced, though complete, 
fifth digit visible the carpus. The scaphoid the largest the carpal elements, and 
has greater number articulations with other carpals; shape, irregularly cubical, 
with its three dimensions not far from equal. The facet for the radius has the shape 
broad saddle, convex transversely and slightly concave palmo-dorsally; the pommel the 
saddle very low and placed the dorso-ulnar angle the bone, with the articular surface 
reflected over upon the dorsal side. the existing genera the family this pommel 
far more conspicuous and rises high above the proximal end the lunar, deeply emarginat- 
ing the distal end the radius. the ulnar side the scaphoid sends out projection into 
the deeply concave radial side the lunar; when these two carpals are viewed from above, 
the line between them appears nearly sigmoid curve, the bones being closely interlocked 
the palmar face the much wider than the dorsal. the distal side are three 
facets, for the trapezium, trapezoid, and magnum respectively; that for the trapezium 
small, and the curvature the radial side the scaphoid carries this facet far the 
palmar side that not visible from the front. The surface for the trapezoid broader 
than that for the trapezium; and the magnum facet still wider, almost wide the other 
two taken together. The scaphoid covers the whole dorsal part the proximal end 
the magnum; the view from the front there seems contact between lunar and 
magnum, but there one the palmar projections the two bones. The facet for the 
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magnum the distal end the scaphoid very concave; that for the trapezoid very 
similar shape, but the articular surface carried farther the dorsal side. The facet 
for the vestigial trapezium very small and crowded back the palmar side. the 
ulnar side are the usual two facets for the lunar, one proximal the other distal, separated 
broad concavity. 

The lunar proportionally high and narrow and two quite distinct parts, the 
broader dorsal portion and the narrow palmar projection; the proximal end for the radius 
the segment cylinder, which slightly oblique, rising somewhat toward the inner 
side; the bone narrows distally; connection with the scaphoid close, while that with the 
pyramidal loose, but there always distal facet the ulnar the lunar 
has shifted over entirely upon the unciform and does not touch the magnum, but the 
palmar extension cavity, lateral rather than distal, into which fits the head the mag- 
num. The dorsal border the unciform facet abrupt and nearly straight. 

The shape and connections the lunar form one the greatest differences between 
Trigonias and Subhyracodon; the former the distal end the lunar wedge-like and 
rests almost equally upon magnum and unciform. Subhyracodon, the displacement the 
lunar toward the ulnar side even greater than existing genera the family. Cerato- 
rhinus, for example, the lunar retains small dorsal connection with the magnum. 

The pyramidal high and narrow, but palmo-dorsally thick; the proximal end bears 
obscurely saddle-shaped facet for the ulna, which feebly concave palmo-dorsally. 
the dorsal side the pyramidal proximo-distally elongate, but the palmar side much 
shorter this dimension, the bone being cut away, were, form facet for the pisi- 
form. the radial side near the distal end, broad, crescentic facet for the lunar; the 
distal end broad, much more than that the lunar, and occupied the large con- 
cave surface for the unciform. 

The pisiform large, broad vertically, with upper and lower borders that are slightly 
concave, but not much, for the bone nearly uniform width and thin and plate-like, 
except the ends, which are thickened, especially the distal one; facets for ulna and pyra- 
midal are relatively narrow. 

The trapezium small nodule, seemingly vestigial, which attached small sur- 
faces the scaphoid, trapezoid and me. II. 

The trapezoid much larger and has irregularly quadrilateral dorsal face; its articu- 
lations with the scaphoid, trapezium, magnum, and me. are the usual kind. com- 
pared with the carpus the trapezium proportionally smaller and the trape- 
zoid larger, but the connections the latter are similar the two genera. 

The magnum not very much larger than the trapezoid; noted above, does not 
articulate dorsally with the lunar, but only with the scaphoid; the low, not rising 
above the level the dorsal portion, but bears oblique, convex surface for the lunar. 
The magnum narrowest the proximal end, broadening distally, where forms wide 
surface for me. III, which convex transversely, concave the radial side, 
near the distal end, small surface, against: which abuts process from the head 
me. the ulnar side oblique surface which the unciform covers. 

The unciform relatively large bone, especially the proximo-distal axis, and differs 
greatly its proportions from that Trigonias, which this bone relatively low and 
broad, because the fifth digit which attached it. The greatest proximo-distal diam- 
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eter falls between me. The proximal end unequally divided between the con- 
vex surfaces for the lunar and pyramidal, the latter the larger, the former more oblique. 
The distal and radial sides form continuous curve made the facets for the magnum, 
me. III and IV; the meeting the oblique facets for the lunar and magnum makes sharp 
edge, that the radial and ulnar borders the unciform are strong contrast. 

The metacarpus consists three members, me. and vestigial nodule me. 
Me. longer and more slender than and somewhat more curved; the proxi- 
mal end articulates with the trapezoid and, the ulnar side, sends out short process 
which overlaps me. III and abuts against the magnum. The shaft trihedral shape and 
almost uniform diameter throughout its length. The distal end the shaft somewhat 
broader than the trochlea, but bears inconspicuous processes for the lateral ligaments. 

Me. III much the broadest the series, more so, relatively, than the 
proximal end made broad the large process which reaches the unciform and overlaps, 
though not extensively, the head me. IV. Distal this process the shaft narrowest, 
broadening thence distally the lower end where unites with the epiphysis and con- 
siderably broader than the trochlea, the ligamentous processes increasing the breadth. 
The trochlea low and has inconspicuous carina. 

Me. almost the counterpart me. except for the shape the proximal end, 
which bears simple concave facet for the unciform. 

The phalanges, other than the unguals, are much the same except that 
they are longer proportion their breadth; the unguals, the other hand, are quite 
different shape and proportions. That digit III much shorter proximo-distally, and 
very much broader and more deeply emarginated the middle, altogether more like that 
modern rhinoceros. The unguals the lateral digits are somewhat shorter, with regu- 
larly curved distal border and altogether more tapir-like shape, though they lack the 
pointed process from the border seen tapirs. 


GIRDLE AND 


The pelvis differs considerably from that Trigonias and, strange say, being more 
tapiroid, less rhinocerotic, than that genus; the ilium relatively longer, whole, and 
has much longer peduncle, which makes the anterior expansion more abrupt and 
different shape. Rhinoceros the anterior expansion the ilium not divided 
into and ventral processes, but the supra-iliac border continued convex curve. 
Tapirus, the contrary, the dorsal and ventral processes are very conspicuous, and 
between them the border concave. Subhyracodon, the latter genus, 
the border crest plainly three parts; the ventral process the border 
thickened, rugose, and slightly convex; the dorsal process strongly upcurved, rise 
well above the sacrum, and its border thick and rough, but straight and hardly 
more than half long that the ventral process; between the two processes the border 
concave. The peduncle the ilium not only longer than Trigonias, but also rela- 
tively narrower. The acetabulum larger and more nearly circular, and much less 
deeply invaded the sulcus for the round ligament. 

The ischium decidedly shorter proportionally than Trigonias, and rather more 
slender, but the posterior expansion broad and the tuberosity more prominent; the 
spine the ischium small, but distinct, and the sciatic notch deeper; the posterior ex- 
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pansions the two ischia are widely separated deep notch, which, however, shallower 
than Trigonias, and the posterior ends the ischia are everted. The pubis slender 
and its antero-posterior process comparatively short; the process the median line 
the anterior end the pubic symphysis very much less prominent than Trigonias, and 
little more than vestige. The transverse branch the pubis stout, and the obturator 
foramen comparatively small and regularly oval outline. 

The femur is, general, similar that Trigonias, though differing several minor 
respects, which more tapiroid than rhinocerotic. The head more sessile, the neck 
broader and less constricted, and the great trochanter much larger and more rugose and 
separated more deeply from the head; the hinder part the process less extended and 
hook-like, but there larger digital fossa. The second trochanter much more promi- 
nent than but similar shape; both genera low ridge and placed 
concealed, when the bone seen from the front. The third trochanter decidedly 
larger and more prominent and has slightly inferior position. The shaft the femur 
somewhat stouter and more compressed the distal end not massive, 
which due the smaller size the less prominent condyles. The rotular groove made 
similarly asymmetrical the great prominence the inner border, and the supra-patellar 
fossa narrower and less extended proximo-distally. 

The patella differs being less massive and thinner, and having less rugose anterior 
face. 

both genera the similar shape and proportions; the crest massive 
and rugged and, the anterior side, divided into two parts groove which much 
more distinct The shaft less straight Subhyracodon, and more bowed 
toward the inner side. all the rhinoceroses, the proximal facet for the fibula 
placed the external side the tibial head, not the distal face the projecting outer 
condyle, the usual mammalian arrangement. 

The fibula, which shows tendency co-ossify with the tibia, considerably 
the shaft, though complete and uninterrupted, rather more slender and reduced than 
Trigonias, but thickens downward; the distal end both broader and thicker than the 
proximal, and the sulcus for the tendon shallow. 

all known members the Rhinoceratoidea, the hind foot tridactyl, 
and there little difference its structure between Subhyracodon and Trigonias, but the 
proportions are somewhat different, the foot being longer and narrower the former. 
all the Oligocene true rhinoceroses, the proportions the feet, both fore and hind, are 
more tapir-like than rhinoceros-like. Nevertheless, the characteristic features the vari- 
ous foot-bones are unmistakably rhinocerotic, not tapirine. The astragalus especially 
rhinoceros-like and yet markedly different from the shape seen the Pliocene and Recent 
genera the family. The trochlea broadly and not very deeply grooved, the ginglymus 


having the hourglass-like shape; the neck very short and the distal end has very large 


saddle-shaped facet for the navicular, and much smaller one for the cuboid. This cuboid 
articulation intermediate between the condition seen the tapirs and that found such 
Pliocene genera Aphelops, which the modern proportions are nearly attained. 

The calcaneum much like that Trigonias, differing only certain unimportant 
details; the tuber calcis rather narrower and more compressed; the dorsal and plantar 
borders are nearly parallel, and the free end thick, rugose and club-like; the sustentaculum 
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less prominently developed than and cuneiforms are much the 
same both genera the proximo-distal length greatly exceeds relatively 
this dimension Aphelops and the Recent genera, which have such shortened feet. 

The cuboid likewise similar that Trigonias and differs strikingly from that 
the Recent genera its much greater proportional length and less width transversely, 
does also the tarsus, asa whole. The plantar process broad and massive hook, which 
separated from the distal half the cuboid deep notch. The cuboid differs from that 
Aphelops and its modern successors, not only the much greater proximo-distal length 
and narrowness transversely, but also the smaller size the astragalar facet. 

The three metatarsals are somewhat longer proportion the length the limb- 
bones than they are and very much longer than the Pliocene and later genera 
the family. does not seem likely that any the Oligocene genera North American 
rhinoceroses can have given rise any the existing forms, all which appear 
exclusively Old World descent; the North American genera would seem have been col- 
laterally related those Eurasia, but, because parallelism development, they throw 
much light upon phylogenies the Eastern Hemisphere. Among the White River rhino- 
ceroses there are two types feet; one, which the metapodials are comparatively elongate 
and slender, exemplified the series, and the other, displayed 
Caenopus, which the metapodials are relatively shorter and sturdier; Trigonias is, 
sense, intermediate between the two types and might have given rise either both 
them. Caenopus (q.v.) happily named, for has decidedly more modern-looking foot 
than any the other White River rhinoceroses. Except for this comparatively small 
difference proportions, the metatarsals are like those need 
separate description. 

Phalanges, the other hand, differ more Subhyracodon they are distinctly 
longer and narrower, most conspicuously the median digit; the second phalanx that 
digit especially long and narrow, compared with that Trigonias. The unguals also 
differ similar Subhyracodon they are more extended proximo-distally but much 
less transversely. this respect also Trigonias has more modern look than its sup- 
posed descendant. 

Species. Notwithstanding all the labour that has been expended upon this problem, 
especially Professor Wood, has not been possible arrive satisfactory dis- 
crimination the supposedly different species Subhyracodon, great the range 
individual variation and differences probably due age and sex. rule, species 
have been established upon single individuals and specimens which have subsequently 
been referred the same species seldom agree entirely with the type diagnostic char- 
acters. The narrowly limited number species single genus which can co-exist 
the same time and place has usually been overlooked; only Dr. Matthew and Mr. Figgins 
have given proper weight this consideration estimating the species Trigonias. 
applies almost equally Subhyracodon, though that case there such wealth finely 
preserved skulls display the endless variations. 

general, there stratigraphic succession the various forms, whether one calls 
them species, subspecies, varieties. With certain amount overlapping, each the 
three subdivisions the White River beds has its characteristic genera and species rhino- 
ceroses. The typical and most common species Subhyracodon occidentalis (Leidy). 
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Subhyracodon occidentalis (Leidy) 


Rhinoceros occidentalis Leidy: Acad. Nat. Sci.; Vol. 276, 1851. 

Aceratherium occidentale Leidy: Journ. Acad. Nat. Sci., 2nd Ser., Vol. VII, 390, 1869. 

Aceratherium (Subhyracodon) occidentale Brandt: Mém. Acad. Imp. Sci., St. Péters- 
bourg, VII Ser., XVI, 30, 1878. 

Anchisodon quadriplicatus Cope: Amer. Naturalist, Vol. XIII, 270, 1879. 

Caenopus occidentalis Hay: Bull. Geol. Surv. No. 179, 1901. 

Caenopus trigonodus allus Troxell (fide Wood): Amer. Journ. Sci. 5th Ser. Vol. 41, 1921. 

Subhyracodon occidentalis Wood: Bull. Amer. Palaeont., Vol. 13, No. 50, 63, 127. 


This species much the commonest the White River rhinoceroses and especially 
characteristic the lower Brulé, which seems confined; medium size, 
nearly the same stature osborni and the American tapir, Tapirus terrestris. 
According Osborn, the species ‘‘is readily distinguished from trigonodum 
canines both the milk and adult series. The form the skull approximates that 
tridactylum Diceratherium tridactylus which this species undoubtedly ancestral, 
but the relatively large size the lateral upper incisors great contrast with the reduced 


Wood’s definition, abbreviated form, follows: Dental formulae: 


dis, Second upper incisor large; crests separate and parallel, but 
and they unite internally; semi-erect. 

Antecrochets, incipient form, are usually present The upper contour 
the skull has some sinuosity and slopes upward from the vertex the occipital crest 
very gradually and gently and, small amount, contrasting strongly with Trigonias 
osborni and Diceratherium tridactylus, both which species the occiput much higher 
and the rise the profile from the vertex the crest much steeper. other species 
the genus, trigonodus and the rise similarly gradual and may regarded 
generic character. 

very perfect skeleton this species mounted the American Museum (No. 1132) 
and its dimensions are given the subjoined table, with those remarkably complete 
and uncrushed skull the Princeton Museum (No. 11,111) which was derived from some- 
what smaller individual. For convenience comparison, the measurements the Ameri- 
can Museum skeleton Trigonias osborni (No. 9847) are given the same table. 


MEASUREMENTS 
Trigonias 
osborni Subhyracodon occidentalis 

No. 9847 No. 1132 No. 11,111 
Upper incisor series, length................... mm. mm. mm. 
antero-posterior 22.5 19.5 


Am. Mus. Nat. Hist., Vol. 151. 
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(Continued) 


Trigonias 
osborni 
A.M.N.H. 


antero-posterior diameter.................. 9mm. 
Upper dentition, length 270 
Upper cheek-tooth series, length.............. 195 
Upper premolar series, length................. 
Upper molar series, length................... 109 
Lower dentition, length 
Lower cheek-tooth series, length.............. 185 
Lower premolar series, length................. 
Lower molar series, length................... 106 
Skull, median basal length................... 425 
Skull, extreme length, wing......... 473 
Skull, max. width over zyg. arches............ 226 
Cranium, length ant. bord. orbit......... 218 
Face, length orbit prmx.................... 217 
136 
205 
Mandible, extreme length.................... 388 
Mandible, width across angles................ 170 
Mandible, length symphysis................ 
Mandible, height coronoid................. 202 
Mandible, height condyle.................. 170 
Third cervical, length centrum............. 


Subhyracodon occidentalis 
A.M.N.H. 
No. 1132 


No. 11,111 


bo 
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281 mm. 253 mm. 

180 

105 

22.5 

270 242 

185 168 

103 

31.5 
32.5 

460 

493 474 
237 193 
148 115 
297 275 

203 201 

136 

133 
205 

103 
212 
105 
199 

101 
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Subhyracodon occidentalis 
A.M.N.H. 
No. 1132 


204 
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MEASUREMENTS (Continued) 
Trigonias 
osborni 
A.M.N.H. 
No. 9847 
Fifth cervical, length centrum.............. mm. 
Seventh cervical, length centrum........... 
First dorsal, length centrum............... 
First dorsal, height 160 
Fifth dorsal, height spine.................. 110 
Twelfth dorsal, length centrum............. 
Twelfth dorsal, height spine................ 110 
First lumbar, length centrum............... 
First lumbar, height spine................. 
Fifth lumbar, length centrum.............. 
Fifth lumbar, breadth over trans. proc......... 154 
Last sacral, width centrum................. 
Scapula, prox.-dist. height.................... 321 
Scapula, ant.-post. diam. glen. cav.......... 
Humerus, length from head.................. 280 
Ulna, length olecranon.................... 
Carpus, prox.-dist. length med. line......... 
108 
Metacarpal II, prox. width................... 
Metacarpal prox. width................. 
Metacarpal III, dist. width................... 
Metacarpal IV, prox. width.................. 
Metacarpal prox. width................... 
Digit II, phalanx length................... 
Digit II, phalanx prox. width.............. 
Digit II, phalanx prox. width.............. 
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MEASUREMENTS (Continued) 


Trigonias 
osborni Subhyracodon occidentalis 
A.M.N.H. 
No. 9847 No. 1132 
Digit II, ungual, prox. width................. mm. 
Digit III, phalanx length.................. 
Digit III, phalanx prox. width.............. 
Digit III, phalanx prox. width.............. 
Digit ungual, prox. width................ 
Digit IV, phalanx prox. width.............. 
Digit IV, phalanx prox. width.............. 
Digit IV, ungual, prox. width................. 
Digit phalanx prox. width............... 
Digit phalanx prox. width............... 
Digit ungual, prox. width................. 
Pelvis, width over acetabula.................. 249 248 
Obturator foramen, ant.-post. diam............ 
Femur, length from head..................... 341 369 
Femur, length fr. gr’t. trochanter............. 335 378 
Patella, prox.-dist. diameter.................. 
Patella, transverse diameter.................. 
Calcaneum, width over sustentac.............. 
118 


r 
4 


TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 


MEASUREMENTS (Continued) 


Trigonias 
osborni occidentalis 
A.M.N.H. 
No. 9847 No. 1132 
Metatarsal prox. width.................. 
Digit II, phalanx prox. width.............. 
Digit II, phalanx prox. width.............. 
Digit ungual, prox. width................. 
Digit III, phalanx prox. width.............. 
Digit III, phalanx prox. width............. 
Digit III, ungual, prox. width................ 
Digit IV, phalanx prox. width.............. 
Digit IV, phalanx length................... 
Digit IV, phalanx prox. width.............. 
Digit IV, ungual, prox. width................. 


Horizon: Lower Brulé. 
Localities: Big Bad Lands, So. Dak.; Neb. and Col. 


Subhyracodon trigonodus (O. W.) 


Aceratherium trigonodum Osborn Wortman: Bull. Amer. Mus. Nat. Hist., Vol. VI, 201, 
1894. 

Aceratherium (Caenopus) mite Osborn Wortman, part (nec Cope): 203. 

Leptaceratherium trigonodum Osborn: Mem. Amer. Mus. Nat. Hist., Vol. 182, 1898. 

Osborn (in part): 146. 

Caenopus (Leptaceratherium) trigonodus Troxell: Amer. Jour. Sci., 5th Ser. Vol. 43, 1921. 

Subhyracodon trigonodus Wood: Bull. Amer. Paleontology, Vol. 13, No. 50, 60. 


This and the following species, are smaller, more primitive, and more ancient 
than occidentalis. The original description is: Upper canine apparently persistent 
and well developed. (b) Upper premolars subtriangular; third premolar with incipient 
postero-internal cusp, well developed toward the base; fourth premolar with feeble 
incipient postero-internal spur and somewhat prominent elevation the postero-internal 
cingulum which presents the appearance ‘cingule’ when worn. (c) Upper molars with 
well developed cingulum upon protoloph; cingulum feeble short metaloph; incipient 


SCOTT-JEPSEN: FAUNA THE WHITE RIVER OLIGOCENE 815 


antecrochet base metaloph [sic], becoming apparent wear. Skull fairly elevated; 
sagittal crest low; nasals rather short, not notched; postglenoid and posttympanic processes 
widely separated.” 

this description Wood adds: larger than Subhyracodon Caenopus 

fully molariform, with the lophs united well above the cingulum. both and the 
hypocone very slightly developed distinct the subjoined table the di- 
mensions are taken from three skulls the American Museum. 


mitis, slightly smaller than Subhyracodon occidentales 


MEASUREMENTS 

No. 528 

(Type) No. 1131 No. 529 
Upper cheek-tooth series, 173 mm. 183 183 mm. 
Upper molar series, 100 100 100 
Lower cheek-tooth series, length................. 165 
Skull, length fr. oce. tip nasals............. 435 
Skull, width over zygomatic arches.............. 197 200 


Horizon: Type from the Chadron; referred specimens from the lowest beds the 
Lower Brulé. 
Localities: Big Bad Lands, So. Dak. 


Subhyracodon copei (Osborn) 


Aceratherium (Caenopus) mite Osborn and Wortman (nec Cope): Bull. Amer. Mus. Nat. 
Hist., Vol. VII, 203, 1894. 

Aceratherium Osborn: Mem. Amer. Mus. Nat. Hist., Vol. 146, 1898. 

Subhyracodon Wood: Bull. Amer. Paleont., Vol. 13, No. 50, 60. 


This another species defined the degree molarization the upper premolars, 
and the propriety separating from trigonodus very doubtful; indeed, much con- 
fusion has arisen attempting distinguish between these two 
Wood writes that earlier, smaller, slightly more primitive ancestor 

Osborn’s original definition, somewhat abbreviated form, follows: Upper canine 
present immature skull, shed adult; second upper premolar with both transverse crests, 
third and fourth with strong postero-internal spurs connected with anterior unworn 
moderately worn condition, these premolars are very distinctive. apparently 
direct ancestor occidentale and The skull differs from that 
the former species having even more horizontal upper profile and lower occiput and 
displaying long low sagittal crest, which composed the two temporal ridges, which 
are not united, but separated narrow groove; postglenoid and posttympanic processes 
widely separated. 

the table below the dimensions are taken from the type-specimen, which fine 
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skull, slightly flattened dorso-ventral compression, the possession the American 
Museum Natural History (No. 522). 


MEASUREMENTS 
Upper canine, antero-posterior diameter............... 


N.B. The overlapping the cheek-teeth such that the sum the antero-posterior diameters 
the individual teeth exceeds the length the series, whole. 


Skull, max. width over zygomatic 195 


Horizon: Type from base lower Brulé; referred specimens from uppermost Chadron. 
Locality: Big Bad Lands, So. Dak. 


Subhyracodon gidleyi Wood. 
Subhyracodon gidleyi Wood: Bull. Amer. Paleont., Vol. 13, No. 50, 65. 


from the ‘White River Tertiary.’ slightly smaller than the type Subhyracodon 
occidentale from which the premolars are indistinguishable. The name given for 
Dr. Gidley. and have part the median valley completely cut off the 
upgrowth the antecrochet, form medifossettes. 

specimen consists with the roots and fragments M3, and 
right with the roots and the first half M3, fragmentary lower teeth, 
and the astragalus. Associated with are Mesohippus and Oreodon teeth.” (H. 
Wood, loc. cit.) 

the exceptional character the upper molars should prove constant, this will 
well defined species, but until then its status will aberrant individual 
‘species’ according (Wood, Ms.) 


Horizon: The associated teeth indicate the lower Brulé. 
Locality: Not given. 
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Subhyracodon metalophus (Troxell). 


Aceratherium occidentale Osborn (nec Leidy): Mem. Amer. Mus. Nat. Hist., Vol. 154, 
Pl. XIII, Fig. 1898. 

Caenopus tridactylus metalophus Troxell: Amer. Journ. Sci., 5th Ser., Vol. II, 47, 1921. 

Subhyracodon metalophum Wood: Bull. Amer. Paleont., Vol. 13, No. 50, 67, 1927. 


Holotype, Peabody Museum, Yale University, No. 10,245, and, according Troxell, 
Middle Oligocene [=lower Brulé], Rushville, (Troxell, L., 
loc. cit.) 

Another specimen virtually identical with this, No. 1123, from the Upper 
Oreodon Beds, collected American Museum Expedition 1894, was described and 
figured Osborn. This form was larger than Subhyracodon occidentale, smaller than 
Subhyracodon tridactylum [sic Diceratherium and probably hornless 
both sexes. still large. The protoloph and metaloph are separate 
and parallel. upper molars are smaller individually and collectively than Sub- 
hyracodon tridactylum and have secondary folds. 

regarded this form advanced evolutionary stage Subhyracodon occi- 
dentale, whereas Troxell considered primitive subspecies Subhyracodon tridactylum 
probably simplest raise specific rank, and this would seem justified 
its difference character and level. Both stratigraphically and morphologically, 
the typical Subhyracodon occidentale and precedes the typical Subhyracodon tri- 
(Wood, loc. cit.) 


Horizon: Upper part lower Brulé. 
Localities: Type found Rushville, Nebraska; referred specimens from Big Bad Lands, 
So. Dak. 


The situation with regard the supposed species Subhyracodon may briefly 
summed follows: The dominant genus the rhinoceroses the Chadron Trigonias, 
but, presumably, the latter part that substage, was associated with two closely allied 
(perhaps identical) species Subhyracodon, trigonodus and which continued into 
the basal part the lower Brulé and were succeeded occidentalis, the abundant and 
characteristic species that substage, and this, turn, was followed metalophus. 
Whether not that form regarded distinct species, obviously link between 
Subhyracodon and Diceratherium. The latter genus makes its first appearance the upper 
Brulé, where characteristic the channel sandstones the Protoceras The 
recognized species Subhyracodon, thus, form genetic series and were, for the most part, 
successive rather than contemporaneous. 


Diceratherium Marsh. 
Diceratherium Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 242, 1875. 
Aceratherium Osborn (nec Kaup) Bull. Geol. Surv., No. 179, 64, 1902. 
Diceratherium Hatcher: Amer. Geologist, Vol. XIII, 390, 1894. 
Subhyracodon Wood (in part, nec Brandt): Bull. Amer. Paleont., Vol. 13, 69, 1927. 


The generic term which should applied the large rhinoceroses the Protoceras 
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the upper Brulé largely matter taste. gradual and complete 
the transition from the species Subhyracodon, which characterize the lower Brulé, those 
the fully developed Diceratherium, found the John Day and the lower Miocene, that 
any drawing lines separation seems arbitrary. The essential feature which diag- 
nostic Diceratherium the presence transverse pair nasal horns the male skull 
and there can doubt that the species the upper Brulé, incipient nasal horns were 
present and functional. Wood writes me: continuous 
series, that the line demarcation essentially arbitrary. 1927 drew just above 
tridactylus, following Osborn; the line below tridactylus, where you propose draw has 
some advantages. With the line this position, tendency toward mures the upper 
premolars and secondary crenulations and near the anterior face the metaconule 
the upper cheek teeth would additional generic (H. Wood, Ms.) 

the unquestioned species this genus the John Day and the lower Miocene, the 
bony horn-bases are conspicuous, almost hemispherical knobs, placed the anterior end 
the nasal bones, which are much thickened, give the necessary support. the upper 
Brulé species, the contrary, the nasals retain the same shape that they have Sub- 
hyracodon, long, narrowing forward and terminating sharp points, and the bases the 
horns are small rugose areas the outer sides the nasals well removed from the anterior 
ends. The rugosities themselves are hardly sufficient prove the former presence 
dermal horns the skull, but the conspicuous thickness the nasal bones, which almost 
twice great Subhyracodon, strongly confirmatory the inference horns. 

the White River species are different from those the John Day and the lower 
Miocene, not advisable attempt any description the genus Diceratherium here, 
rather confining attention the typical White River species, tridactylus Osborn, 
which material extraordinary state preservation available. 


Diceratherium tridactylus Osborn. 


Aceratherium tridactylum Osborn: Bull. Amer. Mus. Nat. Hist., Vol. 85, 1893. 

Diceratherium proavitum Hatcher: Amer. Geologist, Vol. XIII, 360, 1894. 

Caenopus tridactylus Hay: Bull. Geol. Surv., No. 179, 643, 1902. 

Diceratherium tridactylum Osborn: Nat. Hist., Vol. 215 (Explanation figure) 
1923. 

Subhyracodon tridactylum Wood: Bull. Amer. Paleont., Vol. 13, No. 50, 69, 1927. 


The type specimen this species wonderfully complete and perfectly preserved 
skeleton, found the channel-sandstones the upper Brulé the Big Bad Lands South 
Dakota. was described Osborn several papers, culminating his great monograph 
The Extinct Rhinoceroses, somewhat abbreviated version this paper will 
useful furnishing adequate account most remarkable and interesting skeleton. 


Aceratherium tridactylum”’ digits 3-3; vertebrae C7, D19, LV, 


Cd. 21. The species was named time when was believed that the lower Miocene 
rhinoceroses America and Europe were very generally tetradactyl. the contrary, all 
the post-Chadron species White River genera this family are three-toed. ‘‘The skele- 


F., The Extinct Rhinoceroses, Memoirs Amer. Mus. Nat. Hist., Vol. pp. 75-164. 
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ton measures seven feet nine inches length, and four feet height the top the lumbar 
vertebral spines. The pelvis long and rather slender, and the limbs are inter- 
mediate type, heavier than occidentale and much longer than the Upper Miocene 
measures 44. The occiput high and rather narrow the upper line the skull thus 
curves upwards, and the sagittal crest considerably shortened. Another progressive 
feature that the molars show, besides the strong ‘antecrochet,’ beginning the crochet, 
which wholly undeveloped occidentale. The median upper incisors are much larger 
than the outer pair and the lower canines (i2) are correspondingly enlarged. The first 
lower premolar rudimentary wanting. 

distinctive feature the skull the union the post-glenoid and post- 
tympanic processes enclose the external auditory meatus inferiorly. 

the paired convexities and rugosites upon the nasals the skull this and 
other types, the animal was reported letter from the field Diceratherium, and this 
conjecture its probable relationship has subsequently proved correct from evi- 
dence brought forward Hatcher (1897) and the writer the present memoir. 

Aceratherium occidentale the same line descent. agrees with this ancestor many 
details, such the subtriangular form and oblique position the lower canines [i.e., the 
second incisors the very frequent presence both internal and external cingula upon the 
molars, and minor superficial characters the skull. differs from occidentale 
the marked reduction the lateral upper incisor, the greater arching the nasals, 
the more elevated occiput, the usual closure the external auditory meatus inferiorly, 
the crenulation the upper premolar and molar enamel, the incipient development 
the ‘crochet’ and ‘crista’ upon the molars, the less distinctly triangular section the 
canines [i2] the widening out the supratemporal ridges and consequent flattening 
the cranium, and the development rudimentary paired rugosities the nasals 
old 158-9.) 


DENTITION 


Two upper incisors, and i2, were present and functional, but the diameter 
hardly more than one-third that decidedly more reduced than Subhyracodon 
and, some skulls this tooth greatly reduced while correspondingly enlarged. 

The upper premolars, true throughout the family, differ from the true molars, 
especially the character the external wall, ectoloph Osborn’s nomenclature. all 
the Rhinocerotoidea the ectoloph the upper molar composed almost wholly the 
very large and externally flat metacone, and the paracone reduced narrow convexity, 
while the premolars such species have acquired the molariform grinding surface, 
the outer wall made two nearly equal lobes, the protocone and tritocone, which have 
slightly convex external faces with faintly marked median ribs. this species, tri- 
dactylus, the first upper premolar, has two transverse crests; the anterior one, proto- 
loph, short and the posterior one, metaloph, relatively long and recurved. and 
are similar; each has two transverse crests, which are separated internally; not fully 
molariform, for the crown not completely quadrate and the metaloph early becomes con- 
nected internally with the protoloph abrasion. The enamel the anterior side the 
metaloph faintly crenulated, also the inner side the external wall. 
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The upper molars have the enamel the ectoloph and metaloph more decidedly 
crenulate than the premolars; varies much degree, but always present, according 
Osborn, who regarded specific character. The incipient well developed 
and constant. The “inner fold between hypocone and metaconule, well 
shown and and constant; much worn teeth conspicuous. variable char- 
acter the enamel pillar the entrance the internal valley m3, which sometimes 
prominent, sometimes absent. inconstant character, but noteworthy because 
occurs the Diceratherium the John (Osborn, 160.) 

The lower teeth differ significant respect from those Subhyracodon. 


SKULL 


superior view imperfect because crushed. lateral view (No. 538) the 
nasals are long, well arched from side side and antero-posteriorly; they have double 
longitudinal convexity which increased lateral crushing, and they exhibit slight lateral 
rugosities; front they suddenly contract and extend forwards paired tapering cylinders; 
they extend well down the sides the anterior nares quite close the premaxillary su- 
ture. The lachrymals have very extended exposure, and the knob, which observed 
rudiment upon the front border occidentale, now very prominent. Back 
the orbits the upper border the cranium rises very sharply and the supra-temporal crests 
are rugose and clearly defined. The parietals upon either side the high and narrow cran- 
ium present waving surface and two nutrient foramina. The zygomatic arches also rise 
sharply and swell suddenly outward above the glenoid fossae, feature which highly 
characteristic this species, and most sharply marked the males. Other progressive 
features are the strongly internal position the post-glenoid process; the extended junction 
the post-glenoid and post-tympanic processes below the auditory meatus; the long, 
slender paroccipital processes, and the marked shortening the skull behind the auditory 
meatus. superior view the supratemporal ridges come together far back that the 
sagittal crest reduced extremely high and narrow ridge, constricted the mid-region 
and spreading superiorly. 

lower jaw exhibits well-developed post-cotyloid process, prominent angle 
and slender coronoid (Osborn, 161.) 

The most characteristic feature this skull the form its dorsal, upper profile; 
anteriorly, there the slight longitudinal convexity the nasals and posteriorly the very 
steep rise the high occiput. These characters are correlated with the appearance 
horns, which necessitate the strengthening the skull, appears especially the great 
thickening the nasal bones, compared with those Subhyracodon. The steep rise 
the upper contour from the forehead the inion shared with the hornless 
puzzling circumstance. 


SKELETON 


Osborn’s brief note the skeleton repeated above the generic diagnosis and 
not necessary add much that, for the skeleton much like that the other White 
River members the family, with certain differences proportions; Diceratherium tri- 
dactylus decidedly larger than the common rhinoceroses the lower Brulé, and the 
Chadron, Subhyracodon occidentalis, Trigonias osborni (which agree well size), and 
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differently proportioned. The legs are decidedly longer and give the animal somewhat 
stilted appearance comparison with the more ancient species, and the feet, especially 
the metapodials, are longer and more slender. The spinal column agrees with that the 
two genera named, having trunk-vertebrae, while all existing rhinoceroses and tapirs 
have 23; the horses the number fluctuates between and 
primitive character both artiodactyls and perissodactyls and the course evolutionary 
development the number trunk-vertebrae has undergone reduction both orders. 
all existing artiodactyls, for example, the number trunk-vertebrae 19, but two 
the White River families, the Hypertragulidae and the Merycoidodontidae, the number 
20. Entire skeletons single individuals are rare the Eocene, but such instances 
they are known Eocene perissodactyls, like Hyrachyus and Helaletes, the number may 
more. 

The backbone tridactylus differs considerably from that 
hyracodon, Trigonias appearance, especially the development the neural spines, 
which are distinctly longer and heavier, especially the lumbar region, than the pre- 
ceding genera. The centra are arranged gentle longitudinal curve, the line being highest 
the end the dorsal region, thence bending down the neck; the changing length the 
spines compensates this curve, making the upper line the back nearly straight. 


MEASUREMENTS (FROM OSBORN) 


1137 
Upper tooth series, length 205 212 205 218 
Upper molar series, length mm............ 111 119 115 122 
Skull, length oce. cond. prmx. 485 
Skull, height occiput.................. 180 140 
Skull, breadth occiput................ 100+ |104 90+ 


Skull, breadth zygom. arches.......... 265 246 237 308 


The sign indicates that measurements have probably been increased diminished crushing 
the skull. 

Horizon: Upper Brulé. 

Locality: Big Bad Lands, South Dakota. 


There remain two forms, obviously nearly related tridactylus, which are dif- 
ferently treated different writers; Troxell, who named them, described them subspecies 
tridactylus, while Wood prefers raise them the rank apecies, though without 
attaching much importance the distinction. 


Diceratherium tridactylus metalophus (Troxell) 


occidentale Osborn (nec Leidy): Mem. A.M.N.H., Vol. 153, 1898. 


Caenopus tridactylus metalophus Troxell; Amer. Journ. Sci., 5th Ser., Vol. II, 47, 1921. 
Subhyracodon metalophum Wood: Bull. Amer. Paleont., Vol. 13, No. 50, 67, 1927. 


Troxell’s type (No. 10,245, Peabody Mus., Yale Univ.) from Rushville, Neb. and 
virtually identical skull (A.M.N.H., No. 1123) described and figured Osborn, from 
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South Dakota, Upper Oreodon Wood writes it: ‘‘This form was larger 
than Subhyracodon occidentale, smaller than Subhyracodon tridactylum and probably hornless 
both sexes. still large. The protoloph and metaloph are separate and 
parallel. The upper molars are smaller individually and collectively, than Subhyracodon 
tridactylum and have secondary folds. 

regarded this form advanced evolutionary stage Subhyracodon occi- 
dentale, whereas Troxell considered primitive sub-species Subhyracodon tridactylum. 
probably simplest raise specific rank and this would seem justified its 
difference character and level. Both stratigraphically, and morphologically succeeds 
the typical Subhyracodon occidentale, and precedes the typical Subhyracodon tridactylum. 
Morphologically, also possible derive from Subhyracodon. Stratigraphically, 
either form would answer equally well Wood, op. cit., 67.) 

The three authorities cited are substantial agreement the character and sig- 
nificance this form and differ only names. 


Horizon: Upper levels lower 
Localities: Rushville, Neb. (type); Big Bad Lands, So. Dak. 


Diceratherium tridactylus avus (Troxell) 


Caenopus tridactylus avus Troxell: Amer. Journal Sci., 5th Ser., Vol. II, 49, 1921. 
Diceratherium avum Wood: Bull. Amer. Paleont., Vol. 13, No. 50, 71, 1927. 


Troxell’s original description reads: This very probably true form this species, 
but subspecies shows decided trend toward Diceratherium armatum. The first 
three premolars (P4 also uncut) are notable for the parallel, separate lophs, uniting only 
with wear. The metaloph first longer, but because the extended base the deu- 
terocone, the protoloph soon surpasses length. has two parallel, backward curving 
crests, but the metaloph does not encircle lake (post-fossette) does Osborn’s paratype. 

the other premolars, small sharp folds appear the ectoloph, and (left) 
one has unusual position behind the metaloph. and (right) fold 
the anterior angle between the two lophs. 

and crochets may seen the molars, and the latter, M1, 
have encroached far the median valley isolate small lake (medifossette). 
the protoloph M1, two vertical valleys, anterior and posterior, partly separate the 
protocone from its protoconule; the posterior valley emphasizes and sets off the moderate 
antecrochet. The inner cingula are broaken across the bases protocone and hypocone 
and are peculiarly offset where the two ends join the median (Troxell, loc. cit.) 

Wood adds Troxell’s account: ‘‘This form was described and figured Troxell, 
who regarded advanced subspecies Subhyracodon tridactylum. seems suffi- 
ciently advanced over that form deserve specific rank. Its greater size and the increasing 
complexity the cheek teeth made seem preferable include tentatively Di- 
ceratherium. The intergradation the two genera close, that any line separation 
rather 

regard Caenopus tridactylus avus Troxell, 1921, intermediate between 
armatum (of the John Day.)”’ 


Wood, E., Bull. Amer. Paleont., Vol. 13, No. 50, 71. 
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series Subhyracodon copei—S. occidentalis—S. metalophus—Diceratherium tridac- 
tylus—D. avus—D. armatum, the best established and longest close phylogenetic sequence 
far discovered among the 


Family Cope 
Rhinocerotidae, Leidy (nec Owen). 


This family not known represented outside North America, yet, nevertheless, 
was more probably Old World than indigenous origin. this continent has not been 
found beds more ancient than the Uinta, Upper Eocene and the Middle Eocene an- 
cestors which have been suggested (e.g. Hyrachyus, the Bridger), not seem suit- 
able satisfactory. derive the White River Hyracodon from any known American 
genus would involve such degree convergence cannot accepted without very 
strong evidence, evidence that not yet forthcoming. 

The stratigraphic extension this family would indicate short life, geologically 
speaking; the first known appearance the Uinta stage the Eocene; the preceding 
Bridger, middle Eocene has genera, such Hyrachyus, and Triplopus which, noted 
above, cannot regarded probable ancestors. The upper limit the family, far 
present known, the lower Brulé, ‘‘Oreodon trace them has 
been found the Protoceras Channels, the Leptauchenia Beds any part the John Day, 
the Sespé California. But single genus the family, Hyracodon itself, has been found 
the White River and this narrow limitation, taxonomic, geographical and geological, 
strong indication that Hyracodon straggler from some other region and that its occur- 
rence the Great Plains area more less accident. 

Compared with the other two families the Oligocene rhinoceroses, the 
tidae are very sharply demarcated. (1) The incisors and canines are all nearly the same 
size and similar form, small, recurved and pointed; (2) the teeth are present but slightly 
reduced number, 42; (3) grinding teeth have typically rhinocerotic pattern, though 
the fusion the posterior crest with the external wall incomplete; (4) the skull has 
long, high sagittal crest and indication horns; (5) the neck relatively much longer 
than the other rhinoceros families, almost elongate the horses; (6) the limbs are 
much longer and lighter than the other two families; (7) the feet are always tridactyl, 
long and slender, the median digit each foot enlarged and the laterals reduced almost 
much the contemporary horses, Mesohippus; (8) everything goes show that the 
hyracodonts were swift-moving, cursorial rhinoceroses, dependent altogether upon speed 
for their safety, for they had weapons defense, neither tusks, horns, nor claws. 


Hyracodon Leidy 
(Pl. LXXXIX and XC) 


Rhinoceros Leidy (nec Linn.): Acad. Nat. Sci. Philad., Vol. 121, 1850. 
Hyracodon Leidy: Ibid., Vol. VIII, 91, 1856. 

Though rather common fossil the lower Brulé substage the White River, well- 
preserved specimens are rare. remarkably perfect skull the Field Museum, free from 
crushing and distortion and skeleton the museum Princeton University have fur- 


Wood, E., Ms. 1938. 
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nished most the material for the following description, though this has been supplemented 
some fine skulls the American Museum. 


DENTITION 


The especially characteristic feature this genus and family found the an- 
terior teeth, canines and incisors both jaws, which sharply demarcate the group from 
the Amynodontidae, the one hand, and the Rhinocerotidae, the other. 


The dental formula is: apparently lacking the milk dentition also. 


Upper Teeth. The incisors and canines each side form series four simple, similar 
and almost equal teeth, with short interspaces, but diastema; the interval between ca- 
nine and lateral incisor less than that between andi3. The canine and and are 
the same fore-and-aft line, but has rather more median position; the crowns all 
these teeth are high, slender and gently recurved. Slight differences size and shape may 
noted; the incisors decrease little from and the canine still smaller; and 
have more compressed, chisel-like form, while the canine and are more pointed, conical 
and recurved; there short diastema between the canine and first premolar. 

The upper premolars have approximately the form molars, but with great degree 
several species have been proposed the strength premolar differences, but 
doubtful whether more than two are valid. The first premolar, much the smallest 
and simplest the series; has short anterior transverse crest and, behind this, slightly 
crescentic inner cusp; the other premolars increase size backward, making the largest; 
and have almost the appearance molars; unworn teeth, the inner ends the trans- 
verse crests are separate; but, after little abrasion, the crests together form continuous, 
crescentic ridge, which completely encloses the valley, but, already noted, there great 
individual variation these ridges and their connections. has but slight indications 
the accessory spurs, only very small crista from the outer wall the crown; and 
the crista better developed than the molars,'but the antecrochet, which projects from 
the hinder side the anterior crest, less distinct. may quite molariform, may 
have its transverse crests conjoined internally. all the premolars the cingulum more 
complete the lingual faces the teeth than the molars. 

The upper molars are like those the more primitive rhinoceroses, that Leidy origi- 
nally identified the genus Rhinoceros; the only complication the presence small 
crista and antecrochet and also true Subhyracodon. The third agrees with 
that Metamynodon and differs from that all known Rhinocerotidae having the 
outer wall separate from the posterior crest, extending behind was this 
agreement the structure m3, which induced Osborn include Hyracodon and Meta- 
myndon the same family. 

Lower Teeth. The lower incisors resemble, general, those the upper jaw, but they 
are little larger, are set more closely together and differ slightly form. The crowns 
are more compressed laterally and more chisel-like, less recurved; the relative sizes are also 
somewhat different from those the upper series, being the smallest and the largest. 
The canine which follows without interruption little larger than that tooth. The 
incisors show some abrasion old animals, but difficult see how they can have been 
used. weapons defense, they must have been without value and they are pointed 
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and spaced apart that they hardly have been efficient for browsing, and still less for 
grazing. The low-crowned grinding teeth show that Hyracodon was not grazer and some- 
how, the aid lips and tongue, the creature must have ingested soft vegetation. 

The lower premolar series lacks and are nearly, but not quite molariform; 
much the smallest premolar and its anterior valley very small; much larger 
and more nearly like molar, with larger and deeper anterior indistinguish- 
able from molar except that, the other premolars, the cingulum more prominent. 

The lower molars are completely rhinocerotic form and pattern; they differ only 
size from those 

The particulars which the dentition Hyracodon differs from that the Rhino- 
cerotidae are three (1) the retention all incisors and canines above and below; (2) the 
small size and similar shape all these anterior teeth, and (3) the extension the outer 
wall behind the posterior transverse crest. 


S 


ig. Hyracodon nebraskensis: Skeleton, left side: Princeton Mus. 


The Milk Dentition incompletely known and uncertain whether the first the 
upper cheek-teeth changed. Dp2 resembles pl, while dp3 and are like molars except 
for the obscure character the antecrochet. the lower jaw only three milk premolars 


have been found and the probable temporary formula dps. have each three 


_transverse crests; these, the foremost one formed the development the anterior 

horn the anterior crescent much more considerable height than the permanent 
premolars, almost high, fact, the hinder horn the latter. The same teeth 
Subhyracodon (dp and have similar structure. Dp4 molariform while and 
are more complex than the molars. 
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SKULL 


The beautifully preserved skull the Field Museum figured Plates 
and and may compared with that Subhyracodon displayed Plate 
The likeness between the two obvious; they are both unmistakably rhinoceros-type, 
but there are many and striking differences the details structure and proportions. 

Side-view. The proportions the head seem incongruous and incompatible 
with those the lightly built skeleton. Seen from the side, the skull appears short, 
deep, heavy and ungraceful, with thick and massive jaws. The upper profile the skull 
slightly convex and rises gently the line the postorbital constriction, behind which 
the long, high and thin sagittal crest forms antero-posterior convexity, curving down- 
ward into the occipital crest; the supra-occipital wings are carried far back. The cranial 
basis low and raised but little above the level the teeth. The orbit large, widely 
open behind and with elevated position, little the frontal showing above it, when 
the skull seen from the side; the zygomatic arch very high and its anterior descent 
extremely steep; both the zygomatic process the squamosal and the jugal are very 
broad dorso-ventrally. The pre-orbital part the maxillary very high and its long su- 
ture with the premaxillary steeply inclined; the premaxilla has broad and high ascending 
ramus, which makes the nearly vertical border the nasal opening; the freely projecting 
part the nasal bones short. mandible and heavy; the horizontal ramus 
massive and the symphysis rises the ascending ramus very broad and its posterior 
border has forward inclination the tapirs; the coronoid process remarkably large, 
both height and breadth and recurved, falciform shape. 

Comparing the side-views the skulls Hyracodon (Pl. XIX, Fig. and Sub- 
hyracodon (Pl. Fig. 1), the former different the following conspicuous re- 
spects. (1) quite differently proportioned, being shorter and much deeper dorso- 
ventrally; (2) the upper profile more inclined and the posterior rise the sagittal crest 
the occiput decidedly higher and steeper and forms distinct antero-posterior curva- 
ture; (3) the occipital wings are much more extended; (4) the cranial basis much less 
raised above the level the grinding teeth and the occipital condyles project less promi- 
nently backward; (5) the orbit larger, less distinctly bounded postorbital processes 
and has more elevated position; (6) the zygomatic arch rises very much higher the 
side the cranium and descends forward very much more steeply and the dorso-ventral 
breadth both its parts greater; (7) there antorbital pit, fossa; (8) the freely 
projecting anterior part the nasal bones shorter; (9) the incision the anterior nares 
shallower and the ascending rami the much more nearly vertical, while 
the horizontal rami are much heavier; (10) the mandible far larger and heavier especially 
the breadth the ascending ramus and angle, the posterior border which inclines 
forward tapirs; (11) the process incomparably higher and broader and the 
masseteric fossa not distinct; (12) the symphysis entirely different shape and not 
all procumbent, but has steeply rising chin with incisors little inclined. 

Top-View. This aspect the skull best displays its peculiarities and its very marked 
differences from that Subhyracodon, especially shape and proportions. The summit 
the inion very narrow and the supraoccipital deeply notched the middle; the 
portion the cranium which behind the roots the zygomatic processes 
very long and, the superior view, narrows backward regularly and gradually from that 
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line which the brain-case reaches its maximum breadth. The sagittal crest long, high 
and thin, the temporal ridges diverging abruptly from the anterior end, and the postorbital 
constriction conspicuously shown this aspect. When seen from above, the periphery 
the skull not made long, gentle curves, but number breaks and angular 
changes; the gentle concavo-convex sweep the cranial wall from the inion the root 
the zygoma, broken the projecting occipital condyle and paroccipital process; there 
angle made the projection the zygomatic root, another the junction the lateral 
and anterior branches the squamosal zygomatic process, third the meeting jugal 
and maxillary and fourth the anterior end the cheek-teeth, where the rostrum 
sharply constricted. Very characteristic the Hyracodon skull are the shortness and breadth 
the facial region; forehead and rostrum are both notably broad, contrasting strongly 
this respect with the skull Subhyracodon. The nasals are short, notched the premax- 
illary suture and projecting little, that the horizontal rami the premaxille are com- 
pletely visible from above, and even most the incisive foramina shown. 

Comparison the skulls Hyracodon XC, Fig. and Subhyracodon (Pl. 
Fig. la) seen from above, brings out stronger contrasts than does the side view. 
Hyracodon: (1) the short, broad skull, with interrupted and angulated periphery, differs 
most decidedly from the long, narrow, tapering and wedge-shaped skull Subhyracodon, 
which the greatest width the line the zygomatic arches, whence the 
tips the nasals, there regular, uninterrupted narrowing. Hyracodon the widest 
part midway the arches and the narrowing abrupt front the orbits and the 
premaxillary suture, gentle between these two points; (2) the supraoccipital much nar- 
rower and notched the median line; (3) the part the cranium behind the zygomata 
longer, the brain-case more capacious and the postorbital constriction much more distinct; 
(4) the sagittal crest very much longer, extending for almost the entire length the 
parietals; (5) the forehead shorter and broader and has such posterior extension be- 
tween the temporal ridges; (6) the orbits are visible from above; (7) the rostrum much 
wider that the two maxillae are broadly exposed the top-view; (8) the nasals are 
much shorter and their anterior ends much narrower, that the whole the premaxillaries 
may seen the dorsal view; (9) the free ends the nasals are entirely different 
shape, the lateral portion being cut away and notched and the median portion continuing 
short, pointed tongue. 

Front View. Seen from the anterior end, this skull has very grotesque appearance, 
though not more so, perhaps, than the case most other White River ungulates. The 
features which are particularly conspicuous this aspect the skull are its breadth and 
dorso-ventral height, the narrowness the supraoccipital region, the great upward sweep 
the dorsal border the zygomatic arch and the very deep channel between the arch and 
the side the cranium, the remarkable height the coronoid process the mandible and 
the constriction the lower jaw front the premolars. 

Forms and Connections the Skull-bones. The Field Museum skull pertained 
young adult, with all the permanent teeth erupted and use, but nearly all the sutures are 
The unusually long; posteriorly broad and heavy, tapering 
somewhat toward the anterior end; between the condyles and the paroccipital processes, 
there are deep anterior fossae, front which and near the paroccipitals are the condylar 
foramina, which are exceptionally far forward; indeed, this whole region the cranium 
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relatively much elongated. The exoccipitals are high and narrow and are transversely con- 
vex, especially the median line, where they form marked prominence over the foramen 
magnum, which subcircular shape, but with emargination the dorsal border. The 
condyles are low and broad; the paroccipital processes are long, antero-posteriorly broad, 
laterally compressed and thin; they are separated considerable interspaces from the post- 
tympanic processes the squamosal, which narrow strips the mastoids are exposed, 
but there mastoid process. The supraoccipital high and narrow and, each side, 
extended into wing-like process, such recurs many White River genera un- 
gulates; between the wings deep notch. whole, the occiput high and narrow, 
more than Subhyracodon; this narrowness especially striking the base, which 
much broader the last-named genus. 

The parietals are very large and form nearly the entire roof the brain-cavity; they 
unite form the long and prominent sagittal crest, which, Subhyracodon, very short 
and replaced narrow sagittal area. For most its length, the crest thin and 
fragile, but near the occiput somewhat broadened and forms narrow, triangular area; 
antero-posteriorly, forms gentle convexity. Since the squamosals are low, the parietals 
extend down upon the side-walls the cranium; near the hinder border they are perforated 
number post-parietal foramina. 

The alisphenoid relatively large; front the squamosal, sends narrow 
ascending branch, which meets the parietal, while broad posterior branch extends almost 
the tympanic the inner side the glenoid cavity and this branch perforated the 
large combined foramina ovale and rotundum. The pterygoid process the alisphenoid 
high, corresponding the vertical height the posterior nares. The basisphenoid 
short, thick and massive, tapering forward its suture with the long, slender and 
cylindrical presphenoid. 

have seen skull which the tympanic was preserved and must conclude that 
was loosely attached the skull and generally lost before fossilisation; the vacant space 
shows that the bone was large. 

The squamosal long and rather narrow because the breadth the parietal; the 
post-tympanic process prominent and massive and well removed from the postglenoid, 
leaving wide opening for the auditory meatus. The glenoid cavity rhinoceros-like and 
forms narrow, somewhat raised articular surface, but the postglenoid process more 
tapir-like, being shorter, more massive and more thickened the distal end. the Rhino- 
cerotidae the post-glenoid very characteristic being long and spike-like and wedging 
inside the post-cotyloid process the mandible; such arrangement seen 
Hyracodon. The zygomatic process has rather narrow ventral surface, but its dorsal 
border raised extraordinary extent, making very deep channel between the zygoma 
and the side the cranium, most conspicuously displayed when the skull seen from 
the front (Pl. XC, Fig. this makes the anterior descent the arch very steep. The 
arches are longer and curve out more boldly from the sides the skull than Subhyracodon 
and have greater dorso-ventral breadth, but similarly thin and laterally compressed shape. 

The jugal likewise broad dorso-ventrally, thin and compressed laterally; the suture 
between the jugal and the zygomatic process the squamosal much shorter than 
Subhyracodon and the jugal farther removed from the glenoid cavity; there post- 
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orbital process, not even such angulation present the latter genus; the jugal forms 
nearly the whole inferior margin the orbit, though but little the anterior boundary. 

The lachrymal relatively large and has considerable extension the face, forming 
nearly the whole anterior border the orbit; the two large foramina are within the margin 
the orbit and the spine variable, but ordinarily large and prominent. The lachrymal 
has proportionally extensive articulations with the frontal and maxillary and very short 
one with the jugal. 

The frontals are large, but take little part roofing the brain-case; they are short 
antero-posteriorly and, though broader than Subhyracodon, they not, that genus 
completely cover over the orbits, extend over the jugals, but the supraorbital border 
deeply notched. The coronal suture little behind the postorbital constriction and runs 
almost straight, tranverse direction, but the fronto-nasal suture more complex and 
modification the same suture Subhyracodon; the latter, there short, median, 
triangular tongue between the hinder ends the nasals, for each which there deep 
and regularly curved emargination the frontal. Hyracodon, the median tongue 
much broader and the lateral emarginations are broader and much less regular shape. 
The forehead broad, nearly plane, slightly the middle and has vascular 
foramina. 

The nasals are much shorter than any the White River rhinoceroses, all which 
with one exception, were obviously hornless. quite certain that the thin and fragile 
nasal bones Hyracodon could not have supported horns and difficult imagine 
creatures comparable size that were more completely defenceless, for their incisors and 
canines cannot have been effective weapons. all the White River Rhinocerotidae, 
whether hornless, like Trigonias, Subhyracodon, Caenopus, with incipient horns, like 
Diceratherium, the nasal bones are relatively much longer than they are Hyracodon. 
the latter the nasals are strongly convex transversely and their posterior ends are widely 
divergent, being separated the broad median processes the frontals; for short dis- 
tance, the nasals narrow rapidly and then very gradually the anterior ends, which are 
differently from those any other genus the superfamily, difference which 
involves all the bones the muzzle and anterior nares. The anterior ends the nasals 
have much shorter free portion which projects front the premaxillaries than the 
true rhinoceroses and together form narrow median triangular tongue, which 
less than half the width the two nasals, the lateral parts, which form the sutures with 
the premaxillae, being cut away and notched the ends. 

Like the other bones the muzzle, the are altogether different from those 
Subhyracodon and still more from those seen the later genera the true rhinoceroses; 
the anterior nares are nearly twice high the last-named genus, and the nasal incision 
not carried nearly far back, the free border being much more nearly vertical. The 
distinction between horizontal and ascending rami much more clearly drawn and there 
relatively long suture between premaxilla and nasal, while Subhyracodon the two 
bones not quite meet and, the Recent genera, they are widely separated, there being 
ascending ramus. Hyracodon, the ascending ramus very long dorso-ventrally, thin 
and plate-like and broadening dorsally the nasal suture; the maxillo-premaxillary suture 


long and forms angle very nearly 45° with the vertical plane. The horizontal 


ramus short, correspondence with the small incisors, but stout and relatively heavy, 
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with rounded external and median surfaces. the ventral side, there are palatine 
processes, the very large incisive foramina leave space for them. 

The mazillary very large and its preorbital portion especially high, much more 
than Subhyracodon, and nearly triangular outline, with base formed the alveolar 
process and the apex truncated the short naso-maxillary suture. observed con- 
nection with the top-view the skull, the upper jaws are broad, that they extend out 
each side the nasals, conspicuous from above, whereas, Subhyracodon, they 
are hardly visible the top-view, the whole rostrum being very much narrower; beneath 
the orbit, the maxillary low and has prominent zygomatic process, with which 
the jugal articulates laterally and which gives the whole arch very external position; the 
floor the orbit formed the alveolus the second molar; that the third much 
narrower. advance pl, the rostrum narrowed and constricted, and here the max- 
illary sends forward slender process which, for most its length, edentulous, but near 
the premaxillary suture, the small canine inserted; this diastema shorter than 
Subhyracodon; there antorbital fossa, such appears well-preserved skulls the 
latter. The infraorbital foramen large and conspicuous and somewhat farther forward 
than Subhyracodon. The palatine processes the maxillaries are deeply emarginated 
front the incisive foramina, which extend back p1; these processes are long and broad, 
somewhat concave transversely and with ridge along the median line suture. 

The palatines are rather small and form but relatively small part the bony palate, 
but are extended back along the sides the posterior nares. The latter are elongate, 
rather narrow and high dorso-ventrally; anteriorly, they extend forward m2, not far 
modern rhinoceroces. The pterygoids are thin and narrow bones, which are attached 
the pterygoid processes the alisphenoids and are everted the distal ends, somewhat 
the tapirs. 

The mandible one the most characteristic parts the skull and displays many 
features which demarcate sharply from the lower jaw the other two families the 
superfamily. The horizontal ramus short and heavy and its anterior portion different 
from that any other White River ungulate; the incisors and cdnines are eight small and 
close-set teeth, the alveoli which form somewhat more than semi-circle; behind this 
broad and deep constriction, which corresponds position the diastema the upper 
jaw between the canine and p1; the two rami are indistinguishably co-ossified and the sym- 
physis rather long, extending back p2; concave the dorsal side, the chin rises steeply 
the incisive alveolus and convexly rounded ventrally. This whole symphysial region 
entirely different from the broad, flattened, depressed and semiprocumbent symphysis 
Subhyracodon, which has constriction the jaws behind the canines. From the sym- 
physis the two horizontal rami curve abruptly outward and become widely separated: the 
ventral border each ramus gently convex curve from the symphysis point 
vertically beneath the coronoid process, where the ventral border made slightly concave 
the downward projection the angle. ascending ramus very broad, much 
broader proportionally than Subhyracodon, which there considerable space between 
the last molars and the ascending ramus, while Hyracodon there such space. The 
angle projects considerably behind the plane the condyle, giving forward inclination 
the posterior border, the tapirs and also, those animals, the border thin, 
and shows thickening, such characteristic, greater less degree all known mem- 
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bers the Rhinocerotidae; even Trigonias, the most ancient and primitive genus the 
family which the form the lower jaw has been ascertained, early stage the 
characteristic thickening unmistakable. There another very characteristic feature 
the rhinoceros mandible, from least, the present, and that the post-cotyloid 
process behind the condyle. Neither the thickening the angle nor the post-cotyloid 
process present Hyracodon. 

The mandibular condyle sessile, has but moderate extension transversely and the 
articular surface carried farther over upon the posterior face the condyle near the inner 
end than elsewhere; there hardly any sigmoid notch, the broad coronoid arising very near 
the condyle. The coronoid very much larger than the true rhinoceroses the White 
River and the later genera the family still further reduced. Hyracodon 
relatively immense, broad, high, recurved and falciform; the anterior border the ascend- 
ing ramus, from the tip the coronoid the alveolar border, strong sigmoid curve. 
The masseteric fossa small and deep and placed high near the condyle. 


VERTEBRAE AND RIBS 


The spinal column peculiar many respects and contributes essentially the horse- 
like appearance the skeleton, which different from that the true rhinoceroses. 
The atlas elongate antero-posteriorly, rather narrow transversely because the small 
development the transverse processes; but the dorso-ventral diameter unusually large. 
The anterior cotyles are large and deeply concave; they are widely separated dorsally 
broad and deep emargination the neural arch, which strongly convex transversely 
and bears rough protuberance spine. each side the arch perforated large 
foramen for the first spinal nerve; the atlanteo-diapophysial notch not converted into 
foramen. The inferior arch likewise strongly convex, that the neural canal large 
and almost circular; the transverse processes are short, but antero-posteriorly extended and 
perforated the vertebrarterial canals. 

almost all these respects the atlas Hyracodon very different from that the 
true rhinoceroses. the latter the atlas short and wide; the transverse processes are 
much extended laterally, almost like pair wings. Superficially examined, the atlas 
Hyracodon more horse-like than rhinoceros-like. 

The has very long centrum, which broad and depressed anteriorly, becomes 
almost cylindrical behind and has nearly circular, concave posterior face. the ventral 
side the centrum prominent, but very thin keel, which ends behind tubercle. 
The articular surfaces for the atlas are high and narrow; they rise almost the full height 
the neural canal and project below the centrum ventrally, where they are widely separ- 
ated. The odontoid process relatively long, slender and nearly cylindrical shape; the 
articular surface limited the ventral side the process and separated conspicuous 
grooves from the lateral facets. The transverse processes are short, slender and depressed, 
and are perforated the arterial the neural canal low and wide, but, 
posteriorly, becomes much smaller and more circular; the pedicles the neural arch are 
antero-posteriorly elongate, low front and higher behind, that the oblique position 
the centrum the neck compensated. Near the anterior border, the pedicles are pierced 
large foramina for the exit the second pair spinal nerves and, below the nervous 
foramen and incompletely separated from it, second foramen, through which the 
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vertebral artery appears have entered the neural canal, whence could have reached the 
perforation the transverse process the atlas. The post-zygapophyses are rather small, 
but prominent; their articular faces present almost directly downward. The neural spine 
very large, compressed, thin and hatchet-shaped plate, such occurs many the 
more primitive ungulates. 

The axis Hyracodon has very different appearance from that the modern rhino- 
ceroses, which this vertebra short, broad and massive and has high, heavy neural 
spine. Aside from the shape the odontoid and the greater height the neural spine, the 
axis Hyracodon has distinct likeness that the Horse. Nevertheless, careful 
comparison shows that, with all its differences, this bone fundamentally rhinocerotic. 
the later genera the family, the axis became shorter, broader and, every respect, 
more the Rhinocerotidae the White River, such and Subhyracodon, 
the axis is, certain extent, intermediate between the two extremes, being longer, lighter 
and more slender than Recent rhinoceroses, but shorter, broader and heavier than 
Hyracodon; from the latter, they are also distinguished the lack foramina the 
pedicles the neural arch. 

The succeeding cervical vertebrae are strikingly elongate comparison with the length 
head and trunk; the centra the 3rd, 4th and 5th vertebrae are almost equal length, 
the 6th distinctly shorter than the 5th and the 7th the shortest the series. Each 
has ventral keel, which least prominent the 6th. The centra are moderately opis- 
thocoelous, with circular faces oblique the long axis the vertebra, thus giving the 
neck its curvature. The transverse processes are large and conspicuous; the inferior lamella 
much extended antero-posteriorly and, the Horse, shallow groove the ventral 
border obscurely divides the process into two parts; the ventral margin each part thick. 
all the cervicals, except the 7th the transverse processes are pierced the arterial 
canal; the 6th has long, prominent and recurved diapophysis, addition the inferior 
lamella. The neural arches are large, low and broad; from before backward, they increase 
breadth and diminish length; the neural canal strikingly small; neural spines are 
present only the 6th and 7th vertebrae; the 3rd, 4th and 5th they are represented 
merely low, rough ridges; the 7th the spine much higher and stouter than the 
6th. The zygapophyses increase size and become oblique posteriorly. 

Regarded whole, the neck long, slender and gently curved; proportionally, 
longer than any other known member the rhinoceros superfamily. even relatively 
longer than the contemporary White River horse, Mesohippus, and approximates the 
proportions seen certain Recent Zebras, e.g., The individual vertebrae 
are likewise very equine appearance, but the likeness obviously phenomenon con- 
vergence and correlated with the modifications the limbs and feet the direction 
monodactylism and the development swift running. The White River true rhinoceroses, 
such Trigonias, Subhyracodon and Diceratherium, show that the short neck, such 
occurs the Recent members the family, was acquired comparatively late the history 
the family and, obviously, correlation with the shortening the legs and the increasing 
body-weight. 

The number dorso-lumbar vertebrae not definitely known, but was very probably 
24, Subhyracodon and Diceratherium. These vertebrae are extremely characteristic 
Hyracodon and may identified, when found separately. The three foremost dorsals have 
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short, broad and opisthocoelous centra, which resemble the posterior cervicals except that 
they are smaller. Posteriorly, the centra grow smaller and more cylindrical and enlarge 
again the hinder part the thorax. The transverse processes are large and high and, 
from the 4th dorsal backward, they bear prominent metapophyses. The neural spines are 
strikingly long and slender and are strongly inclined backward; the inclination diminishes 
posteriorly, but still decided the 18th dorsal. 

The lumbar vertebrae have heavy centra, which grow broader and more depressed 
toward the sacrum; none the available specimens are the transverse processes and 
neural spines the lumbars preserved, but from the character the posterior dorsal verte- 
brae may inferred that the lumbar spines were high and narrow. 

The number vertebrae the sacrum varies with age and young animals may not 
exceed three, which only the first extensive contact with the pelvis; this region 
also the neural spines preserve their high, slender and compressed shape. 

The candal vertebrae have not been identified, but the sacrum would seem show that 
the tail had very much the same relative development Subhyracodon. 

The ribs are known only from fragmentary material, but this suffices show that the 
anterior ribs were broad and flat, which marks certain degree modernization com- 
parison with related Eocene genera, such Helaletes and Hyrachyus; behind the middle 
the thorax, the ribs become more slender and rod-like; nothing indicates that the ribs at- 
tained such length Trigonias. 


GIRDLE AND LIMB 


Fore and hind limbs are substantially equal length, the backbone having but gentle 
curvature and being nearly level from withers rump. 

The scapula (Pl. LXXXIX, Fig. strikingly high, narrow and slender and differs 
from that Subhyracodon many details; the neck contracted and thin, expanding some- 
what the glenoid cavity, which shallow and nearly circular outline. The coracoid 
obscurely marked and not separated from the glenoid cavity deep notch, 
Subhyracodon and the later rhinoceroses, which the coracoid conspicuously shown. 
The coraco-scapular notch not deeply emarginated, less so, fact, than the genus 
last named; from the notch, the coracoid border curves gently upward and forward into 
nearly vertical, very slightly sinuous course and curves without definite angle, into the 
suprascapular border. The glenoid border very gently inclined backward from the neck, 
making the width the blade increase gradually upward; the suprascapular border short 
and curves gradually into the coracoid border, but forms angle with the glenoid, the 
postero-proximal corner which truncated peculiar way. The spine nearly the 
middle the blade, that the prespinous and postspinous fossae are almost equal width; 
like that Rhinoceros and rises rapidly from the suprascapular border the large, 
triangular, rugose and recurved metacromion, from which point the spine descends gradu- 
ally, dying away upon the neck without forming acromion. Subhyracodon the prin- 
cipal difference the form the shoulder-blade its relatively greater width. 

The humerus rather short and slender, but obviously rhinoceros-like. The head 
large and sessile, expanded and strongly convex from before backward, narrower and more 
flattened transversely. The external tuberosity very large, though relatively less than 
Subhyracodon, and high, massive and rugose, extending across the whole anterior side 
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the proximal end, projecting over the bicipital groove and almost concealing front- 
view. The internal tuberosity small and only low, compressed and somewhat 
roughened ridge; the bicipital groove broad and deep. The shaft slender and displays 
considerable width any point; proximally, has considerable antero-posterior thick- 
ness, but downward, tapers rapidly; the deltoid ridge strongly prominent and descends 
for about half the length the shaft, giving rise the rugose and recurved hook, which 
though smaller than Subhyracodon, yet characteristically rhinoceros-like. The 
supinator ridge but weakly developed, that even the distal part the shaft narrow. 
The supratrochlear fossa shallow and does not perforate the bone, but the anconeal fossa 
high, narrow and deep. 

The trochlea high narrow transversely and the whole breadth 
covered the radius, since the ulnar contact limited and entirely posterior. The inter- 
condylar ridge narrow, compressed and prominent and displaced toward the ulnar side, 
as, posteriorly, passes into the outer border the anconeal fossa. This distinct and nar- 
row intercondylar ridge gives the trochlea aspect very different from that seen 
Subhyracodon and the true rhinoceroses generally, which have smooth, hour-glass shaped 
trochlea, without intercondylar ridge. Its presence Hyracodon obviously corre- 
lated with the reduction the lateral digits and the manifest tendency monodactylism. 
similar structure repeated two other White River perissodactyls, different families, 
Colodon, the ‘‘false and Mesohippus, the horses, both which the trend 
the single-toed manus plain. The epicondyles are very obscure and the external one can 
hardly said exist. 

The radius relatively long and slender, its length somewhat exceeding that the 
humerus. The proximal end narrow and projects but little beyond the shaft and that 
only the ulnar side; the inner facet for the humerus somewhat concave, the median 
ridge prominent and narrow and the groove for the intercondylar ridge the humeral 
trochlea, though deep, hardly notches the dorsal border the radius. The shaft antero- 
posteriorly compressed and, for most its length, the transverse diameter the shaft 
the principal one; possesses pronounced double curvature, anterior and inward. The 
distal end moderately expanded and thickened bears its dorsal side two ridges, 
which enclose broad, deep sulcus for the extensor tendons. The carpal surface un- 
equally divided into two facets; that for the scaphoid the larger and reflected upward 
upon the palmar side; the lunar facet simply concave. 

The ulna closely applied the radius for its entire length, with radio-cubital 


between them; the bone much reduced, but large, compressed and massive 


olecranon retained and this projects obliquely backward, with thickened and rugose prox- 
imalend. The sigmoid notch deep and describes curve about 120°; only the radial 
side the notch the articular surface complete, the external side limited the 
proximal portion. The shaft very thin, slender and laterally compressed and tapering 
toward the distal end, where deeply excavated for the projection the radius which 
bears the distal facet for the ulna. The surface for the pyramidal very small and passes 
unbrokenly into that for the pisiform. 

The radius and ulna Subhyracodon display many differences from those above 
described, though, previously noted, the proportions the limb-bones the former are 
more tapiroid than rhinocerotic; ulna and radius are shorter and heavier and the ulna 
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much less reduced and its distal end notably larger and has more concave pyramidal 
facet. 


The carpus, though much modified many respects and differing details from that 
the White River true rhinoceroses is, general character, thoroughly rhinocerotic. 
compared with Subhyracodon and even the small-sized Caenopus, this carpus high and 
narrow, correlation with the reduction the digits. 

The scaphoid high, narrow transversely, but palmo-dorsally thick; all its dimen- 
sions, smaller and lighter than Subhyracodon and the palmar which the 
latter very prominent, massive and rugose, much smaller; the facet for the radius 
convex the dorsal, concave the palmar side. the distal are three facets, 
two large, saddle-shaped surfaces, almost equal size, for the magnum and trapezoid, and 
very small one for the vestigial trapezium. Caenopus, with the exception greater 
breadth and more massive form, the scaphoid much the same Hyracodon, but there 
already tendency, which later became very pronounced, for the distal end the 
extend toward the ulnar side. 

The lunar characteristically rhinoceros-like, but strikingly light and slender form; 
high, narrow and compressed, especially beneath the prominence the radius which 
extends the pyramidal; the facet for the radius simply convex, with very narrow ex- 
tension the palmar protuberance, which narrow and light comparison with the 
rugose and massive tuberosity Subhyracodon. The dorsal half the distal end com- 
pletely taken the large and somewhat concave facet for the unciform, while the con- 
tact with the magnum lateral; the distal beak the lunar thus very obscure and 
displaced the radial side. the palmar side, however, the joints the lunar are dif- 
ferent from what they appear when the carpus viewed from the front; here there 
large, concave and completely distal pit, which receives the the magnum. 

The pyramidal, correlation with the marked reduction the ulna and the 4th 
digit, but small bone; like the other proximal elements, high and narrow, but 
palmo-dorsally thick. The facet for the ulna small, somewhat saddle-shaped, but not de- 
scending upon the external side; the palmar side the long and narrow surface for the 
pisiform, which carried upon projecting tubercle; the facet for the unciform simple 
cavity. 

The pisiform likewise quite small; the proximal end thickened and carries the 
facets for the ulna and pyramidal, which meet acute angle; the neck contracted and 
slender, while the free end expands into compressed and club-shaped thickening. 

The trapezium greatly reduced and can have had but little functional importance; 
represented small nodule, which had tiny proximal facet for the scaphoid and 
larger one the ulnar side for the trapezoid. 

The trapezoid high, narrow and thick, the proximo-distal diameter slightly exceeding 
the dorso-palmar one; this bone narrows distally and has larger facet for the scaphoid 
than for the second metacarpal, both which are saddle-shaped. 

The magnum, far visible front-view, when the carpal bones are their 
natural position, has small and nearly quadrate Dorsally, the whole proximal 
end covered the scaphoid, but toward the palmar side, the lunar covers the 
the magnum the manner above described, but the itself much less prominent 
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than Caenopus, Subhyracodon. The palmar hook strikingly large, massive and de- 
pressed and curves toward the radial side behind the proximal end distal 
end the magnum covered the large concave facet for the third metacarpal and, 
the radial side this, there very small, infero-lateral surface for the second. 

The unciform one the most characteristic elements the carpus; proximo- 
distally high, like the other carpals, and also the broadest them all; the other hand, 
the palmo-dorsal thickness, aside from the great palmar hook, relatively small. The 
proximal end the unciform unequally divided between the two simply convex facets 
for the lunar and pyramidal, the latter being the larger; the two surfaces meet very 
obtuse angle, forming low ridge between them. the distal end the unciform there 
are three plainly distinguishable facets, large one for the fourth metacarpal, small 
infero-lateral one for the projection from the head the third and small external one for 
the vestigial fifth. The palmar hook large, depressed and curved downward. 

Caenopus mitis the proportional height and breadth the unciform are about 
Hyracodon, but the bone has very different appearance, because reduction the 
ulnar and expansion the radial side and extends far beneath the lunar, almost 
touch the scaphoid; this even more marked Subhyracodon. 

The metacarpus composed three functional elements, II, III and and 
vestigial one, me. the functional ones are slender and elongate, are set close together and 
are nearly parallel with one another. compared with the metacarpus the true rhino- 
ceroses, the median one, III, relatively larger and the laterals, and more 
slender and, though the structure this manus clearly rhinocerotic, there decided 
likeness the fore foot such three-toed horses Mesohippus, the one hand, and 
the ‘‘false Colodon, the other. 

The second metacarpal, me. II, slender and elongate; its proximal end slightly 
thickened and almost square and bears small, saddle-shaped facet for the trapezoid and, 
the ulnar side, very narrow one for the magnum. The magnum facet does not project 
over the head me. III, but merely rises little above it, have very limited 
lateral contact with the magnum. facet for the trapezium visible and 
would seem that these two bones did not articulate. The shaft slender and 
trihedral cross-section, having retained considerable dorso-palmar diameter; the distal end 
slightly thickened and bears low trochlea which differs little from that mc. 
being more semicylindrical and less hemispherical; the carina very low. 

Metacarpal III, while much the stoutest the series, yet actually slender; its prox- 
imal end little broader than the upper shaft, but not much, for the process from the 
ulnar side, which abuts the unciform, does not overlap the head III, but merely 
rises above it; beneath this process the bone excavated, receive The shaft 
long, straight and nearly uniform width, though broadening slightly the distal end; 
antero-posteriorly compressed and has flattened dorsal and palmar faces and rounded 
borders. The trochlea low and broad, semicylindrical shape and not unlike that 
Mesohippus; the carina prominent and, though confined the palmar side, visible 
from the front because its length. 

Metacarpal the counterpart me. II, but somewhat shorter and more slender 
and the distal trochlea rather more hemispherical shape; the proximal end is, course, 
more simple and articulates only with the unciform. 
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Metacarpal useless vestige; none the Rhinocerotidae, the North American 
forms and subsequent has more than three digits, aside from such vestiges 
are found Hyracodon, Caenopus, Diceratherium and other White River genera; this ves- 
tigial fifth metacarpal small, nodular bone, with proximal facet for the unciform and 
lateral one for me. IV. 

The metacarpals Caenopus mitis are distinguished from those their 
relative shortness and stoutness; the carpal articulations are the same both. 


nebraskensis mitis 
P.M. P.M. 
No. 11,414 No. 11,413 

Metacarpal II, breadth shaft below prox. end....... 
Metacarpal II, breadth shaft dist.end........... 
Metacarpal breadth shaft below prox. end...... 
Metacarpal IV, breadth shaft below prox. end....... 
Metacarpal IV, breadth shaft distal end......... 


The phalanges correspond lightness the other parts the manus. Those the 
median digit are quite long and broad, but are comparatively thin palmo-dorsally. The 
proximal phalanx this digit elongate and, shape, not unlike that Mesohippus; 
the facet for the metacarpal shallow concavity, the palmar border which deeply 
notched for the carina, but the groove not extended far toward the dorsal border. The 
distal end narrow and its trochlea obscurely divided into two parts. The second 
phalanx very much shorter than the first, hardly half long, fact, but otherwise 
similarly shaped. The ungual long and broad, much depressed and flattened and grows 
thinner from the proximal trochlea the rugged border; the coronary processes are promi- 
nent and, distally them, the phalanx constricted each side deep notch; the 
median cleft the distal border, which generally found Eocene perissodactyls, 
retained, but.in minute, vestigial fashion. 

the lateral digits, the proximal phalanx slightly asymmetrical; much shorter 
and narrower than that the middle digit, but proportionally thicker, for the dorso-palmar 
dimension exceeds the transverse; the groove for the metacarpal carina but faintly in- 
dicated. The second phalanx very small and nearly cubical shape, but becomes 
little narrower toward the distal end. The unguals the lateral digits are almost long 
the median one, but different shape, being narrow, slender and pointed. 

Caenopus and Subhyracodon the phalanges have notably different proportions from 
those Hyracodon, being much shorter, broader and heavier; the ungual the median 
digit thicker palmo-dorsally and not flat and the lateral unguals are less pointed 
and elongate. 


GIRDLE AND LIMB 


The pelvis long and lightly built. The ilium has long and compressed, but not 
very slender peduncle, which gradually expands into the great iliac plate; the ischial and 
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acetabular borders are well marked, rounded crests, but the pubic border and the iliac 
surface are obscurely indicated. The supra-iliac border broken all the available 
specimens, but there reason doubt that was substantially the same Trigonias 
and Subhyracodon, which the expanded iliac plate divided into upturned and everted 
sacral branch and broader inferior branch. The acetabulum large, deeply concave and 
almost circular outline; the sulcus for the round ligament broad and conspicuous. 
The ischium relatively rather short and, for most its length slender and has hardly 
any indication the sciatic spine notch; posteriorly, the ischium expands into broad, 
thin, everted plate, which has prominent, but not massive tuberosity. The pubis 
short, slender and rod-like, broadening somewhat the symphysis; the obturator foramen 
large elongate oval. 

The femur is, next after the ulna, the longest the limb-bones and though, like all the 
others, strikingly slender proportions; stouter than the bones the foreleg. 
The head large and sessile, not arising from constricted neck; shape, the head 
almost perfectly hemispherical and the small, deep pit for the round ligament hardly ap- 
pears the anterior side. The proximal end the femur moderately wide and the great 
trochanter formed massive, rugose keel, which rises posteriorly blunt point and 
above the level the head, with which connected short, narrow neck; the digital 
fossa not deep. The second trochanter obscure and formed long, low 
and somewhat roughened keel the postero-internal border the shaft. the true 
rhinoceroses, the strongly developed third trochanter has inferior position; its thickest 
and most prominent portion placed nearly the middle the shaft and its proximal 
and distal borders rise gradually, that the process occupies nearly half the length 
the shaft; the free border rugose and antroverted very characteristic way. 

The shaft the femur broad the proximal end and contracts the third tro- 
chanter, whence widens very gradually the distal condyles. 

The suprapatellar fossa deeply marked and unusually large proximo-distally. The 
posterior side the shaft has deep pit and rough protuberance for the plantaris muscle. 
The rotular trochlea broad and wide open, with narrow compressed margins almost 
equal prominence; the condyles are small but prominent. 

The patella has the usual oval form, but rather small and not very thick; the surface 
for the femoral trochla obscurely divided into two concavities, and the anterior face 
but moderately rugose. Subhyracodon the patella very different, being much thicker, 
more massive and rugose. 

The somewhat shorter than the femur and almost the same length the 
radius, much stouter than that bone, and much more slender than the tibia Subhyracodon. 
The proximal end massive and trihedral shape, and bears two almost equal facets for 
the femoral condyles, separated prominent bifid spine. The cnemial crest promi- 
nent, but does not descend far upon the shaft; proximally, has deep pit for the insertion 
the patellar ligament, but the external sulcus for the tendon the extensor longus digi- 
torum the crest, the shaft slender, rounded, and straight, 
becoming broader and thicker near the distal end, which quadrate outline. The facets 
for the astragalus are narrow, moderately concave, and are oblique the borders the 
distalfend the intercondylar ridge ends short, broad dorsal tongue. The internal mal- 
heavy, but relatively short. 
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The tibia Subhyracodon proportionally shorter and much stouter than that 
Hyracodon, and has more massive and prominent cnemial crest and less deeply grooved 
surfaces for the astragalus. 

The fibula much reduced and very slender; the proximal end thick planto-dorsally, 
but thin and compressed laterally, and bears oblique facet for the tibia. From the 
upper end the shaft diminishes rapidly diameter and, for most its length, un- 
interrupted but extremely slender and more less quadrate rod. the distal end, the 
bone again thickened planto-dorsally and becomes somewhat wider transversely, forming 
narrow external malleolus, with long and close sutural connection with the tibia. De- 
spite its great reduction diameter, the fibula shows tendency co-ossify with the tibia, 
does the the true rhinoceroses the White River the fibula relatively 
much stouter. 

PEs 

The tarsus is, like the carpus, high and narrow; and, although the whole pes slender 
and elongate and very different from the broad, heavy and relatively short hind foot 
the Rhinocerotidae, yet fundamentally like the latter and different from the horses, 
notwithstanding striking superficial likeness these last. 

The astragalus narrow and great proximo-distal length; has wide 
with widely open, median groove, which contrasts strongly with the deep and 
narrow groove the three-toed horses; the two condyles are nearly equal size, but differ 
little form, the inner one rising somewhat higher, and the outer one being rather broader 
and descending lower, almost reaching the navicular facet. The neck short and directed 
obliquely inward, but longer than Mesohippus Subhyracodon. The proximal 
surface for the large and deeply concave, and separated from the sustentac- 
ular facet deep and narrow groove; the latter prolonged, narrow, and almost plane, 
and also connected with the distal calcaneal facet, which narrow. The two facets 
meet right angles and form L-shaped prominence the plantar face the astragalus. 
The surface for the navicular broad, quite strongly concave the dorso-plantar direction 
and slightly convex transversely. The facet for the cuboid very narrow and lateral 
rather than distal position; toward the dorsal border, contracted mere point, 
and here separated from the cuboid the minute contact the latter with the navicular. 
When the tarsals are placed their natural connections and viewed from the dorsal side, 
there appears articulation between astragalus and cuboid, and this decided 
difference from the true rhinoceroses and resemblance the horses. 

The calcaneum relatively long and compressed; length, almost equally divided 
the external astragalar facet. The tuber calcis short comparison with that most 
perissodactyls, but notably relatively longer than Subhyracodon and the true rhinoceroses 
generally straight, with dorsal and plantar borders, and rather slender, although 
the plantar surface somewhat rugose and broadened and the proximal end club-like. 
The external astragalar facet principally convex and obliquely placed, being directed 
much toward the tibial toward the proximal side. The sustentaculum prominent and 
heavy, but its articular surface narrow; the latter facet not connected with the distal 
astragalar surface, the corresponding surfaces the astragalus are. the dorsal end 
the distal astragalus facet, and seeming part it, the tiny surface for the 
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navicular. cuboid surface, which not visible from the dorsal side, narrow, oblique, 
and curves inwardly toward the plantar side. 

The cuboid high proximo-distally and, the dorsal side narrow, becoming much 
broader the plantar side, partly because tibial process which supports the facets for 
the navicular and ectocuneiform, and partly because the great rough tuber which repre- 
sents the plantar hook. the proximal end, there are the usual facets for the astragalus 
and caleaneum; the former very narrow and does not quite reach the dorsal border. With 
the ectocuneiform, the cuboid articulates means two small, but very prominent, 
facets, one the dorsal, the other the plantar side and, below the former, there 
minute surface which articulates with the third metatarsal. The fourth metatarsal oc- 
cupies the whole distal end. 

The navicular very much Subhyracodon except for its narrowness. 

The relatively very large and altogether peculiar shape.. For pur- 
poses comparison, description this exceptional bone was given connection with 
Colodon (p. 770) and may, therefore, briefly summarized here. Despite its large size 
and many connections, the bone entirely plantar position and concealed from the 
dorsal side; two parts, thin proximal oval and long, twisted, and narrow distal 
portion, which curves around behind the cuboid; articulates with the navicular, meso- 
cuneiform, second and third metatarsals. 

The small all dimensions; broadest the dorsal side, narrowing 
edge the plantar; its proximo-distal length distinctly less than that the ecto- 
cuneiform, which permits limited articulation the latter with the second metatarsal. 

The large and heavy; also broadest the dorsal side and 
relatively high proximo-distally, but the principal diameter the dorso-plantar one. 
correlation with the enlargement the third digit, the ectocuneiform increased size, 
but the shape that usual the perissodactyls. 

The tarsus Subhyracodon has much resemblance that Hyracodon, and the like- 
ness extends many details structure that superfamily relationship must assumed, 
but there are likewise many differences, most obvious which that, the former, all the 
elements are shorter, broader, and heavier. The astragalus shorter and wider, has 
shallower trochlear groove and more asymmetrical condyles; the neck much shorter and 
the distal end somewhat differently shaped, the cuboid facet being wider and more distal 
and extended the dorsal border, that the navicular excluded from the 
The cuboid shorter, broader, and thicker, and has larger plantar rugosity, and the 
ectocuneiform less enlarged. 

The metatarsus comprises three elements, mt. II, III, and IV, without vestige the 
fifth. The second metatarsal, mt. II, long, strongly curved, and laterally compressed; 
the proximal end has facets for the three cuneiforms, though that for the meso- extremely 
small; shaft and distal end are little more slender than those the corresponding meta- 
Mt. III is, course, the longest and stoutest the three, but does not exceed the 
laterals length quite much does the median metacarpal. The proximal end little 
broader than the shaft, but made considerably thicker the prominent plantar pro- 
jection; beside the usual large facet for the ectocuneiform, the proximal end bears two very 
much smaller facets, one the proximo-dorsal angle for the cuboid, and the other, which 
the plantar prominence, for the descending process the ectocuneiform. The shaft 


SCOTT-JEPSEN: FAUNA THE WHITE RIVER OLIGOCENE 


not quite broad that the median metacarpal, but planto-dorsally thick and, 
shape, more distinctly quadrate. The fourth metatarsal the counterpart the second 
and very nearly the same length, but its proximal end, which articulates only with 
the cuboid, somewhat heavier. 

Subhyracodon the metatarsals are shorter, broader, and thicker than are those 
Hyracodon, but, except for these heavier proportions, the differences are unimportant. 

The phalanges the pes are somewhat longer than those the manus, but are other- 
wise like them require particular description. 

Species: with nearly every other genus White River mammals, the species 
Hyracodon present very difficult problem, but, almost certainly, too many have been 
named, for insufficient allowance has been made for the differences due age and sex and 
uncommon degree individual variability. The problem curious parallel with 
that which presented Trigonias. The latest revision the species that made 
who admits four contemporary species. Four distinct types can easily recog- 
nized follows.. 

With the end the protoloph curving round the end the metaloph and 
completely fusing therewith worn teeth, isolating central depression. Inner wall 

not deeply grooved. Anterior cross-crest present, but may small and little 
more prominent than the cingulum. (H. arcidens) 

With the transverse valley blocked spur from the protoloph which 
abuts against the anterior wall the metaloph. The latter cross-crest longer than the 
former unworn teeth, but tends shorten the tooth wears. Inner wall tooth 
deeply indented; with anterior cross-crest present nebrascensis) 

Transverse valley wide open; with anterior cross-crest small absent. 
apertus) 

Transverse valley both and wide open. Anterior cross-crest 
variable leidyanus).”’ 

quite out the question that four separate species Hyracodon should have lived 
together the area which now South Dakota and Nebraska, nor the problem rendered 
any less difficult calling these variations subspecies. Several Recent subspecies 
not occur together, but each one has its own range, though with some overlapping the 
borders the ranges. Nor stratigraphic separation possible; this head Sinclair 
says: Mr. Troxell correct placing leidyanus low the Titanotherium beds 
the Chadron substage may well that the divergence all four species took place 
there, even earlier. For zonal purposes the species are little value, they range 
through considerable thickness beds, and the same true the size (Op. 

think, therefore, that only single species Hyracodon can recognized within the 
limits the United States and that, course, must named nebraskensis Leidy. For 
geographical reasons, the priscidens Lambe may provisionally accepted, since the 
fossils from the Cypress Hills, Saskatchewan, generally represent different species from 
those the Dakota-Nebraska-Colorado Chadron. The material is, however, frag- 
mentary, admit positive statements this head. 


Sinclair, J., Proc. Amer. Philos. Soc., Vol. LXI, pp. 65-79. 
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Hyracodon nebraskensis Leidy 


Rhinoceros Nebraskensis Leidy: Proc. Acad. Nat. Sci. Philad., Vol. 121, 1850. 
Aceratherium Nebrascensis Leidy: Ibid., 1851, 331. 

Hyracodon nebrascensis Leidy: 1856, 92. 

Hyracodon nebraskensis Hay: Bull. Geolog. Surv. No. 179, 190. 
Hyracodon arcidens Cope: Palaeont. Bull., No. 15, 1873. 

Hyracodon selenidens Troxell: Amer. Journ. Sci., 5th Ser., Vol. II, 37, 1921. 
Hyracodon leidyanus Troxell: 38. 

Hyracodon apertus Sinclair: Proc. Amer. Philos. Soc., Vol. LXI, 73, 1922. 


Nebraskensis the original form this name used Leidy and revived Hay. 
all subsequent publications Leidy wrote nebrascensis and his example has been followed 
all palaeontologists except Hay. 

This species is, like Trigonias osborni, extremely variable the pattern the upper 
premolar teeth and, lesser degree, bodily size. The differences are the degree 
molarization the part the upper premolars, which there are the four distinct types 
enumerated Sinclair and repeated the foregoing pages. Except for these teeth, there 
hardly any difference skull skeleton between the various individuals and the range 
variation size very limited and may sexual rather than individual. is, therefore 
unnecessary repeat here the descriptions given under the generic heading. 

Remains this species are most frequent the lower Brulé; not certain that they 
occur all the Chadron, though the genus undoubtedly does. Chadron specimens 
Hyracodon are rare and fragmentary, that satisfactory specific determinations are 
feasible and Hayden did not include among the fossils his Bed A,” which the equiv- 
alent what now called the Even the lower Brulé Hyracodon cannot 
called common, and only one fairly complete skeleton has been reported from there. This 
the specimen mounted the Princeton University Museum, which comprised two in- 
dividuals; one these (No. 11,415) consists the trunk-vertebrae, and the other (No. 
11,414) the skull, neck, limb- and foot-bones. This mount brings out very clearly the 
striking contrast proportions between the three families the White River Rhinocero- 
toidea; The Amynodontidae are relatively very large, massive and hippopotamus-like; the 
true rhinoceroses are tapiroid proportions, but Hyracodon was manifestly cursorial, lightly 
built and slender, with long neck, long and slender limbs and feet. Only the skull seems 
incongruous, for that far from graceful, being short, deep vertically and heavy and, evi- 
dently, the head was heavy and 


MEASUREMENTS 
Upper dentition, length......... 168 mm. P4, ant.-post. diameter................ mm. 
Upper incisor series, length............ Upper molar series, length............. 
Upper canine, ant.-post. M1, ant.-post. diameter............... 
Upper cheek-tooth series, length........ 122 M2, ant.-post. diameter............... 
Upper premolar series, length.......... M3, ant.-post. diameter............... 
ant.-post. diameter................ Lower dentition, length............... 160 
P2, ant.-post. diameter................ Lower cheek-tooth, length............. 119 
P3, ant.-post. diameter................ Lower premolar series, length.......... 


Hayden, V., Leidy’s Extinct Mammalian Fauna and Nebraska, pp. 
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MEASUREMENTS (Continued) 


P3, ant.-post. diameter......... 
ant.-post. 
Lower molar series, length............. 
ant.-post. diameter............... 
M2, ant.-post. 
ant.-post. 
Diastema, length.......... 
Skull, length oce. cond.-prmx........... 
Skull, length cran., cond. orb...... 
Skull, length face orb. prmx....... 
Mandible, max. length................ 
Mandible, length symphysis......... 
Mandible, depth p2................ 
Mandible, height 
Mandible, height coronoid.......... 
Axis, length centrum............... 
Fourth cervical, length centrum...... 
Sixth cervical, length centrum....... 
Skeleton, height withers............ 
Scapula, vertical height............... 
Scapula, ant.-post. diam. glen. cav.. 

Humerus, length from head............ 
Humerus, length fr. ext. tuber.......... 
dist. 
Ulna, length olecranon.............. 
Carpus, length med. line............ 


Digit II, phalanx length............ 
Digit II, phalanx prox. width........ 
Digit II, phalanx length............ 


Digit II, phalanx prox. width........ 
Digit II, ungual, length............... 


Digit II, ungual, prox. width.......... 
Digit III, phalanx length............ 
Digit III, phalanx prox. width....... 
Digit III, phalanx length............ 
Digit III, phalanx prox. width....... 
Femur, length from head.............. 258 
Femur, length from great 256 
Fibula, dist. thickness................. 
length (extern.)........... 
Astragalus, prox. width............... 
Astragalus, dist. width................ 
Digit II, phalanx length............ 
Digit II, phalanx prox. width........ 
Digit II, phalanx length............ 
Digit II, phalanx prox. width........ 
Digit IV, ungual, 
Digit IV, ungual, prox. width.......... 
Digit III, phalanx length............ 
Digit III, phalanx prox. width....... 
Digit III, phalanx prox. width....... 
Digit III, ungual, length.............. 
Digit III, ungual, prox. width.......... 


Horizons: Chadron, lower and upper Brulé. 
Localities: Big Bad Lands, So. Dak., Neb., Col. 
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mm. 
285 
175 
120 
247 
152 
689 
779 
109 
208 
222 
217 
272 
100 
115 
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Family AMYNODONTIDAE Scott and Osborn 


These aberrant rhinoceroses are specialized manner altogether the opposite the 
hyracodonts, they were massive and probably amphibious habits. The dental pecu- 
liarity the group the enlargement the canines into great hippopotamus-like tusks, 
the concomitant reduction the incisors and premolars and the increase height the 
molars. addition these peculiarities the teeth, all parts the skull and skeleton 
are widely different from those the other two rhinoceros families. The earliest known 
appearance the family the upper Eocene North America, continuing through the 
lower and middle Oligocene; has not been found later than the upper Brulé. The group 
also found the Old World, occurring the upper Eocene and Oligocene Mongolia 
and the Oligocene Europe, where was first discovered. The family was, thus, short- 
lived geologically, though wide geographical range. 


Metamynodon Scott and Osborn. 


(Pls. XCI-XCV) 


Metamynodon O.: Bull. Mus. Comp. Harvard, Vol. XIII, 165, 1887. 

This genus the opposite the light, long-necked, long-legged and long-footed, 
cursorial Hyracodon, but the its peculiarities not obvious. Probably, 
however, the animals were more less aquatic, resembling the hippopotamuses manner 
living. the White River the family represented the single genus, Metamynodon, 
which not known occur above the upper Brulé beds, where most frequently found 
the channel sandstones, though even there far from common. 


DENTITION 


The dental formula is: 34-36. 

Upper Teeth. Incisors are seldom found, having usually dropped out before fossiliza- 
tion the skull; the alveoli, four six number, show these teeth have been arranged 
transverse curve and have been stout, presumably functional, though relatively 
small. The canine large, rootless tusk, with open base and, evidently, life, having 
grown from permanent pulp; the exposed portion the tooth trihedral, with the base 
forward, and obliquely truncated abrasion the lower tusk and kept short and 
straight; the worn surface ends below sharp point, which made cutting across the 
narrow hinder border enamel. 

The premolars are conspicuously reduced size, the antero-posterior length the 
premolar series being less than one-half that the molar series. The foremost premolar 
(p2) the smallest and simplest and inserted two roots; the crown consists external 
and internal walls; the external wall has its outer face convex, vertical rib; the internal 
wall curved, joining the external one both ends, and enclosing with deep valley. 
The valley divided into two fossettes, pockets, thin enamel ridge which extends 
from one wall the other. 

The next succeeding premolar (p3) much larger than the foremost one and more 
nearly like molar; implanted three roots. The external wall three parts, 
broad, median convexity, with concave surface front and behind it; there are two 
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transverse crests, which almost meet internally and enclose the valley. The tuberculate 
cingulum prominent all sides except the outer and, conjunction with the posterior 
transverse crest, encloses enamel pocket. The last premolar (p4) again much larger 
than p3, which resembles form except that the two transverse crests not meet 
and the hinder one decidedly shorter and less complete than the forward one; 
the enamel-pocket included between the outer wall, posterior crest and cingulum, larger 
and deeper than p3. 

The molars are hypertrophied and are higher-crowned than any the other White 
River rhinoceroses, though they cannot properly called hypsodont; they are larger 
antero-posteriorly than broad transversely. pattern, these teeth are typically rhino- 
cerotic, but extremely simple and rather primitive. The nearly plane external wall con- 
sists almost entirely the posterior cusp, lobe, the anterior one being merely convex 
vertical rib. The transverse crests pursue oblique course, inward and backward, and 
there are spurs, except for incipient crista and the outer wall not 
completely confluent with the posterior crest, but extends for short distance behind it, 
thus, this respect, agreeing with Hyracodon and differing from all the true rhinoceroses 
the White River. 

Lower Teeth. none the available mandibles, with one exception, are the incisors 
preserved; the alveoli being sometimes two and sometimes three each side. The excep- 
tion noted the jaw young animal with all the milk-premolars still place, the first 
true molar slightly worn and the permanent canines beginning erupt; the crown 
incisor, apparently the second, completely exposed, but with sign wear. The tooth 
large that must have been functionally important and thick, heavy cone, with 
moderately acute apex; the external, anterior, face convex and the internal side 
that pyramid; obscurely marked ridge passes down from apex base the middle 
the posterior face and the cingulum rises the margins the posterior face, which are 
also obscure edges. the two surfaces which are separated the posterior median ridge, 
the inner one flat, the outer one concave. 

The canine formidable tusk, which longer, more slender, more strongly curved 
and everted than the upper one. The bases the two lower canines are closely crowded 
together that little room left for the incisors. The lower tusk trihedral, with base 
behind; the posterior surface the tusk worn the abrasion the upper one and kept 
sharp-pointed. 

There notable resemblance between the tusks Metamynodon, both upper and 
lower, and those the modern Hippopotamus and the problematical Astrapotherium 
the South American Miocene. There can question relationship between these 
three genera, each which belongs different order, and the resemblance must have 
been the result convergent development, the explanation which may, perhaps, 
that all these genera were more less amphibious way life.. This is, course, 
known true the Recent animal, and has been inferred, for quite different reasons, 
the extinct genera. Concerning the mode living extinct animals, that long ago 
vanished from the earth, seldom possible reach certainty. 

The two premolars are very much smaller than the molars, which they resemble 
pattern, incomplete sort way. The foremost premolar (p3) much the smallest 
the grinding teeth and imperfectly molariform; the anterior crescent more than 
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indicated shallow internal depression, but the posterior one much better defined. 
The hinder premolar (p4) twice large and more like molar, though the anterior 
crescent not complete. 

The molars are very long antero-posteriorly, narrow transversely; some individuals, 
perhaps species, the enamel partially lacking, exposing vertical bands dentine. The 
second molar (m2) the longest the series and the first (m1) the shortest, though the 
apparent antero-posterior length the third (m3) increases with age and wear, for the 
hinder border the crown slopes downward and backward the alveolus. The molars 
Metamynodon are more distinctly bicrescentic than the other two contemporaneous 
families rhinoceroses. 

Milk Dentition. yet, only the lower milk premolars have been brought light; 
all the temporary teeth the upper jaw and the incisors and canines the lower remain 
discovered. The lower milk-premolars are four number, and having 
successors the second dentition. size, the deciduous premolars increase from dp1 
dp4; the first tooth the series not half large the second and not all like 
molar, having simple, compressed-conical crown, which somewhat trenchant; the only 
complication narrow internal ridge which encloses very shallow valley with the outer 
wall. The enamel the external side the crown coarsely wrinkled conspicuous 
way, but the cingulum feebly marked. The succeeding milk-premolars are molariform 
and more and more completely pass backward. Dp3 more worn than any 
the others, which must mean that was the first the series erupted. 
altogether like molar the relative fore-and-aft elongation the posterior crescent; 
dp3 nearly much and little less. and have the coarsely wrinkled enamel 
the outer side the anterior crescent; the posterior crescent the enamel smoother. 


SKULL 


The skull Metamynodon very peculiar and one the strangest among the many 
grotesque forms which render the White River fauna fascinating study. differs 
very widely from the skull-forms the other contemporary rhinoceroses, much more than 
the other parts the skeleton, yet without altogether losing its fundamentally rhino- 
cerotic character. 

has been exceedingly difficult gain accurate conception the general appear- 
ance the Metamynodon skull, for almost every available individual has been distorted 
pressure various directions. The effect compression varies according the direction 
which was exerted; those skulls which were vertically compressed have appearance 
which differs decidedly from that occasioned lateral diagonal pressure. The figure 
Plate XCI has been drawn Mr. Horsfall after comparative study the skulls the 
American Museum, thus eliminating, far possible, the effects distortion. The 
finding perfectly symmetrical skull may, eventually, enable make final corrections. 
The type-skull, the Harvard Museum, has suffered from vertical pressure, normal 
the long axis the cranium, which, without making the skull asymmetrical, has reduced 
the dorso-ventral diameter and flattened the forehead. 

The drawing (Pl. XCI, Fig. probably close approximation accuracy and will 
serve basis for the general description. side view, the most striking features are 
(1) the great elongation the cranium and shortening the pre-orbital region the face; 


SCOTT-JEPSEN: FAUNA THE WHITE RIVER 847 


(2) the immense dorso-ventral breadth the zygomatic arches and their lateral expansion, 
which gives the skull, especially when seen from above, the expression huge carnivore; 
(3) the great development the sagittal crest, both length and height, which produces 
steep rise from the forehead the crest. All these characteristics are strong contrast 
those all the other White River families and genera the rhinoceroses. 

The occiput low and wide and the supra-occipital prolonged backward two wing- 
like processes, Subhyracodon and, very conspicuously, Hyracodon. The exoccipi- 
tals are much extended transversely and the paroccipital process long and broad, with 
concave posterior face, ending distally narrow edge. The process suturally con- 
nected with the post-tympanic process the squamosal, excluding the mastoid from the 
surface. most existing rhinoceroses, the post-tympanic and postglenoid processes 
the squamosal meet ventrally, enclosing the auditory meatus. 


Fig. planifrons, Type: Anterior end skull, front view, showing nasals curving down 
inside premaxillae. Mus. Comp. Drawn Llewellyn Price: Courtesy Director Barbour. 


The parietals are rather short, much the greater part the cranial roof being formed 
the frontals. very long and high sagittal crest extends for nearly the entire length 
the cranium, frontals and parietals alike, and one the striking differences from the 
genera the other two rhinoceros families. The upper border the crest gently arched 
the antero-posterior direction and descends steeply the forehead. Near the suture 
with the supra-occipital each parietal perforated conspicuous group vascular 
foramina. 

The frontals are very long and, already noted, form much the roof the cerebral 
fossa. The forehead broad and convex, the specific name, planifrons, being ill chosen; 
these bones extend widely over the orbits, which are relatively small and have very 
elevated position, though they not project above the level the forehead, they 
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Hippopotamus; nevertheless, the position the orbits Metamynodon favourable 
the inference, drawn other grounds, that these animals were amphibious their mode 
life. the antero-superior curve the orbit, the frontal deeply emarginated notch, 
which makes the lachrymal spine even more conspicuous than would otherwise be. 

The nasals are short, broad, abruptly truncated front and transversely convex, 
extending down along the inner faces the converging premaxillaries and lining the upper 
part the nasal canal very unusual manner; little the nasals can seen from the 
side. (See text-figure 141.) This figure, made from the type-specimen Mr. Llewellyn 
Price, owe the kindness Director Barbour the Harvard Museum. 
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Fig. 141. Mandibular condyle and coronoid White River rhinoceroses, right side, front view: 
Metamynodon; Subhyracodon; III, Hyracodon. 


side view, the are hardly visible, but, seen from the front, the two bones 
are large and make broad, convex muzzle. shape they differ altogether from those 
the other White River rhinoceroses, which the premaxillaries are elongate antero- 
posteriorly, narrow transversely, while Metamynodon, they are very short and broad and 
have rounded alveolar border which the incisors form slightly curved transverse line. 
The ascending rami, broad and convex below, are flattened above and narrowed the 
nasal opening. The anterior nares are irregularly triangular, with apex downward; dorsally 
they are bounded the broad nasals, which curve far ventrally, inside the pre- 
maxillae, almost make trihedral tube, feature which has not been observed 
other mammals. This whole region the front end the muzzle, formed nasals and 
premaxillaries, radically different from that any the other rhinoceros families. 
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The have extensive contact with the frontals, because the abbreviation 
the nasals; they have very limited antorbital extension upon the face; the sheath 
the upper tusk forms low convexity, behind which deep depression concavity; into 
this concavity opens the large, elevated infraorbital foramen. The alveolar portion 
long and extends far behind the orbit, much farther than the other rhinoceros families. 
The palatine processes form long, vaulted bony palate, the width which nearly 
uniform. The palatine bones are small, the anterior suture being line with the hinder 
part m2. 

The jugal and squamosal are among the most remarkable features very peculiar 
skull; the zygomatic arches are far larger and extend out much more boldly from the sides 
the skull than any the other rhinoceros genera. The jugal forms the anterior and 
inferior boundary the orbit; its principal diameter dorso-ventral and forms broad 
plate, convex externally, concave internally, which extends back the line the ptery- 
The postorbital process the jugal very inconspicuous, little more, indeed, than 
angulation. 

The zygomatic process the squamosal extremely broad dorso-ventrally, far sur- 
passing any other known genus rhinoceroses this respect; the process also excep- 
tionally long antero-posteriorly, extending over the jugal the postorbital angulation. 
The glenoid surface the typically rhinocerotic form, convex ridge, rather than 
cavity, but less distinctly marked than Hyracodon, Subhyracodon; the post- 
glenoid process long, very heavy and rugose. The squamosal proper low and has 
long suture with the parietal. bullae are not preserved connection with any 
the known skulls and may not have been ossified. The basioccipital and basisphenoid 
are short and heavy, with unkeeled, simply convex ventral surface; the basisphenoid not 
covered the pterygoids. 

The mandible, which has the two rami firmly the symphysis, differs from 
that Subhyracodon and other rhinoceroses several respects. The horizontal ramus 
relatively short, but deep and heavy; the edentulous portion, behind the canine, which has 
thin, ridge-like dorsal border, proportionally short. The symphysis very long, 
extending back p4, and the chin much shorter, more abruptly rounded and steeper 
than the other contemporary rhinoceros families. Apart from the angle, the ascending 
ramus broad and high, with anterior border inclined backward instead forward, 
other rhinoceroses generally. The two lineae obliquae are well defined and the space 
between them concave. The angle projects hardly all behind the condyle, notable 
difference from Subhyracodon and most other rhinoceroses, but its free border somewhat 
more thickened than the other White River genera, though far less than the modern 
genera rhinoceroses. The masseteric fossa small and placed very high the 
side the jaw, but much more deeply impressed than Hyracodon, Subhyracodon. 

The coronoid process relatively very much more elongate and more recurved than 
the genera last named and its free end actually overhangs the condyle. The posterior 
border the coronoid, which, Subhyracodon, nearly straight, deeply concave, almost 
semicircle. The condyle the usual rhinocerotic shape, but there post-cotyloid 
process. exceptional feature this mandible the outward eversion the posterior 
border beneath the condyle, forming sort buttress which extends the outer end 
the condyle and very conspicuous when the mandible seen from the front. 


ide 
beg 
: 


850 TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 


The structure the skull and jaws, and especially the long, high sagittal crest, the 
remarkably broad and widely expanded zygomatic arches, the high, recurved coronoid 
process and the deeply impressed masseteric fossa, are all indications greatly developed 
and powerful temporal and masseter muscles. Such development the jaw-muscles 
must have made the great canine tusks very formidable weapons. Even the much smaller 
incisor tusks the modern Indian Rhinoceros (R. unicornis) are effective means defense 
against such enemies wolves. 


VERTEBRAL COLUMN AND 


Except for the brontotheres, Metamynodon much the largest the White River 
mammals, especially the individuals which occur the upper Brulé formation, which may, 
may not, represent distinct species. The best known species, planifrons, which 
characteristic the lower Brulé, represented the unique skeleton the American 


Fig. planifrons: Skeleton, left side: A.M.N.H. 


Museum, which was figured and briefly described Osborn and Wortman.! skeleton 
composite several individuals and there considerable restoration its make up. 
Nevertheless, probably gives adequate conception the aspect the skeleton when 
complete. This specimen, mounted, shows animal with relatively small head, short 
neck, long body and, for rhinoceros, long legs. The materials not suffice give the 
vertebral formula. 

The atlas represented the American Museum remarkably perfect and undis- 
torted example (No. 4074) which differs decidedly, certain respects, from that other 
White River rhinoceroses. The cotyles for the occipital condyles are very large and deeply 
concave, with principal diameter transverse; dorsally, they are separated very broad 


Osborn, F., and Wortman, L., Bull. Amer. Mus. Nat. Hist., Vol. VI, 209, Vol. VII, Pl. 
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and deep emargination the neural arch and, ventrally, much narrower and shallower 
notch. The neural arch broad antero-posteriorly, with gently curved dorsal surface; 
very low and inconspicuous rugosity represents the neural spine. each side the arch 
perforated the large suboccipital foramen for transmission the first spinal nerve. 
From this foramen, there runs the atlanteo-diapophysial notch very conspicuous groove, 
with high anterior and very low posterior wall. The inferior arch broad and gently 
convex and has, near the posterior border, rough hypapophysial tubercle. each side, 
the inferior arch pierced the large foramen for the inferior branch the first spinal 
nerve, which almost conspicuous object the ventral side the atlas the sub- 
occipital foramen the dorsal side. The nearly plane posterior cotyles for the axis are 
very broad transversely and rather narrow dorso-ventrally the articular surfaces are reflected 
forward upon the sides the neural canal and there become continuous with the facet 
the inferior arch for the odontoid process. Thus, the three surfaces which articulate with 
the axis are connected. 

The transverse processes are very large, especially the fore-and-aft dimension, they 
extend for some distance behind the posterior cotyles; anteriorly, the process separated 
from the side the vertebra the broad and deep atlanteo-diapophysial notch, from which 
the free border curves regularly the postero-external angle. Trigonias and Subhyraco- 
don these processes are attached the vertebra that they are horizontal and parallel 
the antero-posterior axis the neural canal, but, Metamynodon, the process follows 
oblique course downward and backward, presenting its flat surfaces more anteriorly and 
posteriorly than dorsally and ventrally. Springing from the outer side cotyle for 
the axis, the ventral side, obscurely marked bar, which doubles the dorso-ventral 
thickness the transverse process, the free border which everywhere rugose. There 
canal for the vertebral artery. 

The azis the longest vertebra the neck and has centrum which very broad and 
depressed front, narrowing cylindrical, opisthocoelous body behind and keeled 
the ventral side; aspect, entirely rhinocerotic. The surfaces for the atlas are ex- 
tremely broad and project out far from the sides the centrum. The odontoid process 
short, massive and almost cylindrical, abruptly truncated front. The posterior face 
the deeply concave and somewhat irregularly circular outline; slightly 
oblique, sloping forward and upward. The neural canal rather small but the arch 
broad and bears large, hatchet-shaped spine which resembles that 
outline. The post-zygapophyses are very large and slightly oblique and project prominently 
behind and outside the centrum. 

The transverse processes are slender and rod-like and are almost right angles with 
the centrum, but have slight backward slant. the base, the process trihedral, 
narrowing the distal end. The process perforated large canal for the vertebral 
artery, which would seem have entered the neural canal way the space front 
the pedicle the neural arch. The course taken the artery would seem indicated 
depression the centrum behind the projecting border the surface for the atlas. 

The other cervicals are very heavy, with short, opisthocoelous centra, narrow pedicles 
the neural arch, broad and flattened dorsal roof the arch and low spines, which increase 
size from the third the seventh vertebra. 
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The third cervical shorter than the axis, but very broad and heavy. The anterior 
face strongly convex, almost hemispherical, fact, and the posterior face deeply 
concave, both faces slightly oblique the long axis the centrum. The neural canal 
comparatively small and the pedicles the arch are low and antero-posteriorly narrow. 
The spine appears very low and tuberculous, but the end broken the various 
specimens. The zygapophyses are large and but slightly oblique and the intervertebral 
spaces are short. The transverse proeess has distinct diapophysis, but large inferior 
lamella, which narrow and almost rod-like dorso-ventrally, but much extended antero- 
posteriorly; shallow concavity the ventral border obscurely divides the process into 
anterior and posterior portions. 

The fourth cervical very much like the third; but rather shorter and broader, with 
somewhat more oblique faces. The neural spine longer, but its full length indetermin- 
able; the zygapophyses are larger and more oblique, rising higher above the arch. The 
cervical much like the fourth, that particular description called for. 

The cervical differs the usual way from its predecessors, having distinct 
diapophysis which heavy and recurved, and the inferior lamella broad, plate-like and 
simple, not divided into anterior and posterior portions, but with convex, uniformly curved 
ventral border. The vertebrarterial canal very large and, presumably, the neural spine 
higher than the fifth vertebra. 

The seventh cervical, like the sixth, typical character; short and broad, dis- 
wider than long, with decidedly concave posterior face, which has the concave facets 
for the heads the first pair ribs. The transverse processes are short, heavy and 
imperforate; their principal diameter dorso-ventral. 

The dorsal vertebrae, may assumed, numbered eighteen, which the posterior 
three and all the lumbars are missing from the skeleton mounted the American Museum. 
The neural spines are remarkably short and weak, another indication aquatic habits; 
the first eight dorsals, the spines are very slender, with thickened, rugose, and knob-like 
free ends. The spine the third dorsal seems the longest the series and, behind 
that point, the spines decrease length posteriorly the end the thorax. the ninth 
vertebra there sudden change the character the neural spine, which becomes broader 
antero-posteriorly and more plate-like and this breadth continues increase posteriorly. 
far they are preserved, the spines have backward inclination all the dorsals and 
there anticlinal vertebra. Subhyracodon, the sixteenth dorsal the anticlinal and 
there might have been one Metamynodon, but this very unlikely, for, Subhyracodon, 
the steepness inclination the spines diminishes the anticlinal approached, while, 
Metamynodon, the inclination increases the last vertebra preserved. the second 
and third dorsals, the centra are somewhat opisthocoelous, though far less than the 
cervicals. The transverse processes are very prominent and heavy and bear large concave 
facets for the tubercles the ribs. 

Only one lumbar vertebra, the first the series, available. Osborn and Wortman, 
true, give the measurements four, but, there mistake identification, nothing 
present known the whereabouts these vertebrae. The single lumbar (No. 
1098) has long and stout centrum, which still decidedly opisthocoelous and with 
zygapophyses which are somewhat concave and convex respectively. The transverse 
processes are very short, upturned and club-like and spring from the base the neural arch 
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not from the centrum; the spine the characteristically lumbar type, short dorso- 
ventrally, broad antero-posteriorly, thin transversely and plate-like, with very thick and 
rugose tip, free border. all the other known trunk vertebrae, this spine slopes 
backward and altogether probable that all the dorsal and lumbar vertebrae had this 
posterior inclination. This not true any the Rhinocerotidae. 

The collections contain useful parts the sacrum, but seven caudal vertebrae have 
been obtained. Five these (No. 546) form part the composite skeleton and are in- 
terpreted being caudals six ten inclusive. The other two, considered the tenth and 
twelfth caudals, are associated with fragmentary skeleton (No. 1095) the identifica- 
tion which there can doubt. Caudal has long, broad and depressed centrum, 
with short and wide transverse processes, complete neural arch and canal and short, 
backwardly sloping neural spine. No. ?seven similar, but has shorter centrum, spine 
and transverse processes. No. ?eight shows change; the centrum being considerably 
smaller and all the processes much reduced, but, though very small, the neural spine and 
canal and the transverse processes are still recognizable. No. ?nine has subcylindrical 
centrum, contracted the middle, with expanded ends; the neural canal open groove 
and one side the arch ridge much higher than the other; the various processes are 
merely vestigial tubercles. Caudal ?ten very like No. ?nine, but the groove-like neural 
canal shallower and the enclosing ridges lower. No. twelve little shorter 
and more slender than ?ten and more deeply constricted the middle and trace the 
neural arch, the various processes remains. 

These seven vertebrae are sufficient show that, this genus, the tail was much 
shorter and stouter than Trigonias Subhyracodon. the root, the tail was flattened 
and dorso-ventrally depressed, becoming cylindrical, though still thick, near the middle, 
thence tapering the end, which not improbably had tuft hair bristles the tip. 

The ribs differ from those the White River true rhinoceroses having larger 
number with the broad, flat, plate-like shape, which characterizes nearly all large modern 
ungulates. Ribs Nos. are broad and flat, transitional and cylindrical 
and rod-like. Looking forward through the pelvic opening, can seen that the thorax 
was capacious. 

part the sternum has been recovered. 


The scapula, which represented remarkably perfect example (A. No. 
1109) differs altogether from that the true rhinoceroses, especially shape and the 
conformation the spine and acromion. The blade is, proportionally, extremely short 
the proximo-distal dimension and broad antero-posteriorly, the two diameters being almost 
equal. The neck very broad and there hardly any coraco-scapular notch, merely 
wide, very gently concave curve the coracoid border. The coracoid large, low and 
rugose lump, which not all prominent, but extends almost the very large glenoid 
cavity. Above the shallow notch, the coracoid border curves very gradually into the broad 
supra-scapular border, which pursues convex, somewhat sinuous course the glenoid 
border, with which forms angle. The glenoid border nearly straight line the 
neck. The prespinous fossa irregularly quadrate outline and somewhat broader than 
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the postspinous, which triangular, with base along the spine, and apex the angle between 
the glenoid and suprascapular borders. 

The most extraordinary feature about the scapula the spine, which not only unlike 
that any other rhinoceros, but also differs radically from that any existing 
rises steeply from the proximal end the blade the metacromion and thence declines 
very gradually the acromion, which the most prominent point the whole spine; 
the anterior side, the spine convex and the posterior side concave. The metacromion 
reduced, but present unmistakable form and cannot called vestigial. acro- 
mion, the other hand, very conspicuous, broad antero-posteriorly and spoon-shaped, 
but does not project very far below the distal end the spine. 

all existing perissodactyls, horses, tapirs and rhinoceroses, there acromion, 
the spine dying away gradually upon the neck. The White River horse, Mesohippus, has 
very small, though distinct and outstanding acromion and this feature persists Para- 
hippus, the lower Miocene. Spine and acromion Metamynodon are thus altogether 
exceptional among the known perissodactyls. 

The pelvis very different from that Trigonias, Subhyracodon, especially the 
greater shortening the post-acetabular region. The very perfect pelvis (lacking only 
the pubis) which associated with the mounted skeleton, remarkable for the relatively 
immense size the pelvic opening and almost certainly belonged female, but some 
doubt the matter remains, for other well-preserved innominatum available for 
comparison. The peduncle the ilium very short and broad, flattened and presenting 
obliquely, posteriorly rather than laterally. The iliac plate greatly expanded trans- 
versely, but relatively little the dorsal surface nearly plane, the sacral 
portion being but little upturned, which strong contrast the vertical, plate-like 
process seen Subhyracodon and Trigonias. the sacral surface narrow strip 
bone, ankylosed with the ilium, which overlaps the sacrum; this bone has all the appearance 
being exostosis, though the similarity and symmetry these bones both sides is, 
perhaps, objection considering them pathological. The suprailiac border simply 
curved, with slight irregularities outline, and rugose and much thickened. The iliac 
surface between the acetabular and pubic borders, short, broadening ventrally. 

The ischium very short and stout; the anterior, trihedral portion heavy and its 
dorsal border convex and rugose above the acetabulum; spine and sciatic notch are 
absent, faintly indicated. The tuberosity the ischium conspicuous, rough knob, 
which strongly everted. The posterior expansion, descending branch, which meets its 
fellow the symphysis, differs much from that Trigonias and Subhyracodon the broad, 
dorsally facing concavity; the two genera just named the surface much more nearly 
vertical. The symphysis very short and has such posterior emargination appears 
Subhyracodon and especially Trigonias. Though both pubes have been lost, 
plain that the pubic symphysis was also very short. 


The humerus the largest bone the fore leg and not especially rhinocerotic 
character. The sessile head relatively large and projects well behind the plane the 
shaft; the external tuberosity large and divided into two lobes groove, 
Trigonias and Subhyracodon, but does not extend inward far these genera. The 
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internal tuberosity relatively small and the bicipital groove more widely open than 
the true rhinoceroses the White River. The deltoid ridge heavy and rugose and ex- 
tends downward for more than third the shaft’s length, but less prominent than 
the contemporary Rhinocerotidae, and the deltoid hook hardly indicated. The upper 
third the shaft made very heavy and antero-posteriorly thick the deltoid ridge; 
then, for short distance, the shaft becomes cylindrical, but speedily expands into the very 
broad and asymmetrical distal end. This appearance asymmetry occasioned the 
remarkable development the external epicondyle and supinator ridge; the radial side 
there nothing balance these projections. The trochlea has the hour-glass shape usual 
the rhinoceroses, but more than commonly asymmetrical, because the greater 
diameter the internal segment, which greatly extended proximally. The supra- 
trochlear fossa restricted the external half, where the trochlea lowest. 

The fore arm bones are relatively long and heavy, exceeding the tibia length, but 
not equalling massiveness. 

The radius much stouter than the ulna, though that also heavy, the two bones 
together making uncommonly massive fore arm. The proximal end covers the whole 
the humeral trochlea except behind, two concavities receiving the two segments the 
hour-glass. Between the two concavities, over which the articular surface continuous, 
ridge, which makes beak-like tongue the anterior and posterior borders; the 
posterior side, the tongue fits into triangular depression the front the ulna. The 
facets for the ulna are peculiar; the posterior side the radial head the intercondylar 
beak divides these facets into two, though they are not completely separated; the external 
division much the larger. 

The shaft the radius very heavy, antero-posteriorly compressed and flattened, 
but very broad transversely and widening downward. The distal end massive, being 
broadened transversely and greatly thickened antero-posteriorly, but the carpal surfaces 
have such dorso-palmar diameter. front the line between the scaphoid and lunar 
facets, the dorsal rugosity deeply notched, but the emargination not carried far 
back affect the articular surfaces for the carpals. These surfaces are well distinguished 
and different shape; that for the scaphoid narrow, produced palmo-dorsally, 
project considerably front the facet for the lunar. The two carpal surfaces are sepa- 
rated the dorsal side, but confluent the palmar. form, the scaphoid facet saddle- 
shaped, deeply concave palmo-dorsally, strongly convex transversely. The surface for the 
lunar much broader, but less extended palmo-dorsally, which direction slightly 

The ulna entirely unreduced and relatively much heavier than the other White 
River families rhinoceroses. The olecranon short and compressed, but very stout and 
with rugose, club-like thickening the end. Proximally, there but limited contact 
with the humerus, for the radius occupies the entire breadth the humerai trochlea. The 
ulna has two facets for the trochlea, incompletely separated the deep, triangular fossa, 
into which fits the intercondylar beak the radius. close the adjustment the two 
fore arm bones, that, when they are fitted together, the humeral articular surface the 
radius seems continuous with that the sigmoid notch the ulna. The two facets 
for the humeral trochlea, mentioned above, are oblique and present almost much an- 
teriorly proximally and are continued down upon the anterior side the shaft, 
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articulate with the back the radial head. The coronoid process very prominent, fitting 
into the deep anconeal fossa the humerus and the sigmoid notch would deep, were 
not distally cut off abruptly the encroachment the radius. 

The shaft the ulna, which has the usual trihedral shape, very heavy and 
strongly arched forward, that the anterior side convex and the posterior concave longi- 
tudinally. The shaft tapers distally little, but broadens and thickens again the end. 
The carpal surfaces the distal end are three; the radial side small, oblique facet 
which rests upon the lunar, but most the distal end taken the large, slightly 
saddle-shaped facet for the pyramidal, which continues uninterruptedly into the oblique 
surface the palmar side for the pisiform. Needless say, the articulation the ulna 
with the lunar very exceptional feature. 

The two fore arm bones are close approximation for most their length, but narrow, 
oval, radio-cubital arcade visible above the distal ends. 

The femur the longest the limb-bones, considerably exceeding the humerus 
length, and differs much appearance from that any the existing species the 
rhinoceroses. compared with the latter, the bone proportionately more slender and 
elongate and, particular, narrower transversely. The relatively smaller head not 
sessile, but set short, though distinct neck; the sigmoid notch very shallow, yet 
exists and the great trochanter rises above it. This trochanter low, but massive and 
rugged and encloses but small and shallow digital fossa. The second trochanter has been 
greatly reduced and, the modern rhinoceroses, more than low, rough ridge. The 
third trochanter, though large and prominent, much less than Rhinoceros and set 
off less abruptly from the shaft, which broad, antero-posteriorly flattened and compressed. 
The medullary cavity seems not filled with spongy bone, though this statement 
cannot positively made. 

The distal end the femur very heavy, both breadth and thickness, but the 
relative breadth conspicuously less than Rhinoceros and the tuberosities, though very 
rugose, are less prominent. The rotular trochlea broader and shallower than the 
Recent genus and the internal border much thicker and higher than the external, though 
the difference not great existing rhinoceroses and the supra-patella fossa smaller. 
The condyles are low and hardly visible, when the bone viewed from the front; the 
internal condyle the larger, extended farther proximally and its articular surface 
continuous with that the rotular groove, from which the inner condyle separated 
narrow space. the whole, the femur heavier and more like that the existing genera 
than the corresponding bone the true rhinoceroses the White River, Trigonias and 
Subhyracodon, which the proportions are more tapir-like. 

The patella heavy, though not particularly massive; outline, the bone nearly 
quadrate, with the principal diameter directed also broad transversely, 
but not very thick antero-posteriorly. The anterior side regularly rounded, without 
projections and not much roughened; the hinder surface unequally divided into two small 
concavities for the sides the rotular groove, which the inner concavity much the 
larger. The two facets meet obtuse angle, but the articular surface not interrupted. 

The tibia extraordinarily short and heavy; except the fibula much the shortest 
the limb-bones. The proximal end massive, both breadth and thickness. The 
external surface for the condyle the femur more saddle-shaped and projects farther 
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behind the shaft, while that for the inner condyle more concave; the two surfaces meet 
low, bifid spine. The crest forms great and massive rugosity, but not con- 
tinued far down upon the shaft; deeply pitted for the patellar ligament. The shaft, 
which the usual shape, trihedral proximally, subcylindrical the middle and broad 
distally, very stout. The surface for the astragalus, though continuous, consists two 
which the internal one deeper; there definite intercondylar ridge and 
the dorsal tongue obscure. The internal malleolus very small and restricted the 
dorsal side. The fibula, correlation with the tibia, short; the proximal end narrow 
and compressed transversely, but much expanded antero-posteriorly. the Rhinoc- 
erotoidea generally, the articulation the upper end with the tibia lateral rather than 
proximal; the tibia does not project over the head the fibula, which rises almost the 
level the external femoral condyle. The shaft the fibula not very stout; its proximal 
end narrow and thick and then, descending, becomes broad and thin. The distal 
end the fibula greatly enlarged both dimensions and forms massive external mal- 
leolus, which much thicker and more conspicuous than any other White River repre- 
sentatives the super-family; the single peroneal sulcus deeply incised. 


The fore foot fully and functionally and is, indeed, almost artiodactyl, 
paraxonic, symmetry, having decided likeness, its general aspect, that Hippo- 
potamus and, except for the shortness the metacarpals, that 

The carpus short proximo-distally, proportion its width, and composed 
massive, block-like elements, which have very rugose dorsal faces. Subhyracodon the 
carpus relatively longer and narrower, with the various bones differently adjusted. 

The scaphoid very heavy, rugged bone and is, next after the unciform, the largest 
the carpals; its principal diameter the dorso-palmar one. The surface for the radius 
saddle-shaped, convex transversely, concave palmo-dorsally. Both concavity and con- 
vexity are much more marked than Subhyracodon, but not more than the modern 
Sumatran Rhinoceros (Ceratorhinus sumatrensis), which, however, the scaphoid rela- 
tively much longer proximo-distally and narrower transversely. the ulnar side, the 
two facets for the lunar, proximal and distal, are widely separated, and the proximal one 
confined the dorsal portion the bone, while the distal facet much more extended 
palmo-dorsally. the distal end, the scaphoid has facets for the trapezium, trapezoid and 
magnum. That for the trapezium very small and displaced the palmar side the 
distal end, nearly all which occupied the surfaces for the trapezoid and magnum; 
the dorsal parts these two facets meet prominent angulation. The surface for the 
trapezoid not distinguishable into portions, but simply concave both directions, more 
deeply the transverse diameter. The facet for the magnum two distinct parts, 
though the articular surface continuous over both. The dorsal, anterior, portion 
nearly plane, but the posterior, palmar, portion, which covers the head the magnum, 
concave and somewhat oblique position. 

The lunar has the characteristic rhinocerotic shape; the portion broad 
transversely, shallow palmo-dorsally, while the distal part reverses these proportions, being 
narrow and deep. The proximal surface, most which covered the radius, ex- 
tremely convex palmo-dorsally and slightly concave the transverse direction. the 
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external side the proximal end small, oblique facet for the ulna, which exceptional 
feature, not found other White River the facets for the magnum 
and unciform are oblique and meet nearly right angle, thus giving the distal end 
the bone wedge-like shape. For the scaphoid, there prominently projecting proximal 
facet and distal facet which continuous with the surface for the magnum, from which 
obscurely demarcated. These two facets the radial side, proximal and distal, are 
widely separated. 

The surface for the magnum two very distinct parts, like the magnum facets the 
scaphoid; dorsal portion which oblique and nearly plane, lateral rather than distal 
position, and palmar part, which carried upon the posterior projection for the head 
the magnum; this distal rather than lateral. When scaphoid and lunar are put together 
their natural relations, they form hemispherical cup, into which the head the magnum 
fits. the ulnar side the lunar are two facets, proximal and distal, for the pyramidal, 
which are separated wide, deep interspace, with rugose bottom; the proximal facet for 
the pyramidal sessile, not projecting, the proximal surface for the scaphoid, and the 
distal one continuous with the surface for the unciform. The dorsal face the lunar 
very rough and, some individuals, displays two rugose ridges, which run parallel with 
the facets for the magnum and unciform and meet present, impossible 
say whether these ridges are specific, sexual, variable individual characteristics. 

The pyramidal roughly cubical bone, though wider transversely than elongate 
proximo-distally. The whole proximal end occupied the large surface for the ulna, 
which concave palmo-dorsally, very gently convex transversely. The facet for the pis- 
iform narrow, but has very considerable proximo-distal extension; position, 
palmar, not proximal, the pisiform not overlapping the pyramidal. the radial side are 
two small facets for the lunar, which the proximal one the larger and the distal one 
very narrow band. The unciform surface covers the whole distal end the pyramidal and 
very slightly convex transversely, concave palmo-dorsally. Rough projections are 
feature this bone; the dorsal face, near the radial border, roughened ridge and, 
the ulnar side, large, prominent and rugose tuberosity. 

The not unlike that Subhyracodon shape. The proximal end has 
large, concave surface for the ulna and smaller plane facet for the pyramidal; the free 
projection very broad vertically, thin and compressed transversely; the distal border 
rounded and somewhat thickened. 

The distal row carpals complete; the trapezium relatively large, thin, com- 
pressed and scale-like bone, subquadrate shape, and displaced toward the palmar 
side almost entirely concealed front view; articulates only with the trapezoid 
and and does not touch the second metacarpal. 

The trapezoid also large proportionally, the exposed portion nearly equalling that 
the magnum; the dorsal face bulging and rugose. The facet for the trapezium plane 
and palmo-radial position; that for the covers the whole proximal end the 
bone and convex both directions. the trapezoid articulates only with the 
second metacarpal, the surface for which saddle-shaped, convex transversely, concave 
palmo-dorsally. 

The magnum proportionally rather small, especially the proximo-distal diameter 
transversely, broad. The dorsal face rugose, but not bulging, and has only small 
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projection. The proximal end covered the scaphoid, the surface for the lunar being 
very oblique and, toward the dorsal side, more lateral than proximal. The prominent, 
convex head, which arises from the palmar moiety the bone, presents proximally and 
fits into the hemispherical cavity formed almost equally the and lunar. The 
facet for the lunar continuous with smaller surface for the unciform. Most the distal 
end forms saddle-shaped facet for the third metacarpal, but toward the radial side 
considerable surface, against which impinges ulnar process from the head the second 
metacarpal. The broad dorsal body the magnum has its various carpal facets connected 
and forming continuous articular band around it. 

The unciform very large bone, especially width, the proximo-distal diameter 
being relatively small. The proximal end proper occupied large, convex surface for 
the pyramidal, that for the lunar oblique. The radial side wedge-shaped because 
the almost rectangular meeting the surfaces for the lunar and the third metacarpal. The 
line joint from the head the fourth metacarpal the distal side the which 
passes between the unciform and lunar the ulnar side, the third metacarpal and the 
magnum the radial side, nearly straight. the distal end large, slightly convex 
facet for the fourth metacarpal and smaller one for the fifth, which continues for 
short distance the ulnar side the unciform. The surface for articulation with the 
process from the head the third metacarpal unusually large and has oblique position, 
more lateral than distal. 

The metacarpus consists four well-developed members and strongly contrasted 
with the manus Trigonias, though the latter also tetradactyl, and still more with the 
three-toed fore foot Subhyracodon. Like Brontotherium, Metamynodon has acquired 
secondary paraxonic symmetry the manus, adaptation the greatly increased body- 
weight. The metacarpus two symmetrical pairs, the second and fifth, the third and 
fourth, which gives the manus hippopotamus-like appearance, though the median pair are 
very much broader than the laterals. Each metacarpal has the dorsal face, just below 
the proximal end, transverse, rugose ridge, irregular protuberance, which, doubt, 
served for the insertion the extensor tendons. whole, the metacarpus has convex 
dorsal face, the lateral members sloping away from the median ones. This contrasts de- 
cidedly with the flat dorsum the foot Subhyracodon, which the three metacarpals are 
nearly the same plane. 

trace the first metacarpal remains; indeed, Matthew was right, the pollex was 
suppressed before were differentiated such. 

The second metacarpal though stout, yet more slender than IV; 
the proximal end broad and has the palmo-radial side large, saddle-shaped, trans- 
versely concave surface for the trapezoid; unusually long process from the ulnar side 
abuts against the radial side the magnum, but does not much overlap though 
more than Subhyracodon. The shaft contracts rapidly downward, taking trihedral 
shape; for most its length rather slender, but broadens again near the distal end. 
Processes for the the lateral ligaments are low and inconspicuous. The 
distal trochlea for the first phalanx nearly plane transversely, strongly convex palmo- 
dorsally, subcylindrical form. The articular surface reflected exceptionally 
far upward upon the dorsal face, another contrast Subhyracodon. 
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The third metacarpal the largest and most massive the series, though 
exceeds but little, far less than the other known rhinoceros genera the Oligocene. 
This member forms almost symmetrical pair with the fourth, which very much the 
condition displayed Brontotherium. The proximal end very broad and this chiefly 
due the large extension which articulates with the unciform. The proximal facet for 
the magnum broader than that for the trapezoid, but similar shape. This 
metacarpal overlapped but little the magnum-process me.II, for the radial border 
the proximal end is, were, making the contact oblique. the other 
hand, the unciform process extensively overlaps the head The shaft 
very broad and thick, narrowing somewhat the middle its course, thence broadening 
again the distal expansion, where, the ligamentous processes are low and, 
also that bone, the articular surface the distal trochlea carried very far upon 
the dorsal face. 

The fourth metacarpal, already noted, very exceptional perissodactyl foot; 
normally, course, this member asymmetrical, but forms symmetrical pair with 
but, Metamynodon, symmetrical itself and makes pair with me.III, which 
almost equals breadth and length. The proximal end much narrower than that 
inasmuch there projection extending over the head the radial 
side oblique facet which overlapped the unciform process The surface 
for the unciform, which covers all the rest the proximal end, the usual saddle-like 
shape, with concavity transverse. The shaft little narrower and shorter than that 
but not nearly much other rhinoceroses. The distal end and trochlea 
differ important way from those 

The fifth metacarpal closely resembles the second, which the counterpart and 
with which forms the lateral pair: sturdy and fully developed and thus contrasts 
strongly with the much reduced fifth digit which mere appendage 
the manus, the symmetry which hardly affects. The proximal end Meta- 
mynodon has but narrow surface for the unciform, but one which extends across the whole 
dorso-palmar thickness that carpal. The transverse convexity the metacarpus, 
which attention has already been called, gives the lateral digits, especially the fifth, 
very posterior position. The rugosity near the proximal end, for the attachment the 
extensor tendon, even more prominent than the other metacarpals. The trihedral 
shaft contracts down the middle and then expands the distal end; not quite 

All the metacarpals agree having the distal articular surface reflected far the 
dorsal side and having the low, thick carina restricted the palmar side, 
completely concealed from the front. 

The phalanges the hind feet differ much more from those the manus than common 
among the ungulates and indicate that there must have been some difference the manner 
using the digits manus and pes, though difficult imagine what the difference 
can have been. the fore foot there are some differences the phalanges the various 
digits, but these are comparatively slight and all the digits they are notably short, 
broad transversely and thick palmo-dorsally. 

digit the first phalanx narrower than the other toes, and very short and 
thick. The proximal articular surface for the metacarpal shallow concavity, which 
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not grooved, nor its palmar border notched for the metacarpal carina. The distal trochlea 
very remarkable; divided median groove into two parts, which are strongly 
convex palmo-dorsally and describe curve which almost semicircle. The articular 
surface carried far proximally the palmar side that the rugose part the bone 
more than twice long, proximo-distally, the dorsal side. 

digit III the first phalanx longer than any the others, but, breadth, 
exceeds that the second digit but little, though, owing the oblique position the 


latter the manus, the phalanx seems narrower than actually is. When the first 


phalanx digit and that digit III are viewed from the side and compared, they are 
seen differ conspicuous manner. digit III the proximal half the first phalanx 
far thicker palmo-dorsally than the distal half and the change abrupt. The distal 
trochlea much less extended palmo-dorsally than digit II, but its two parts are more 
widely separated much broader median groove, which conspicuous the dorsal 
side. The first phalanx longest digit III and shortest digit II; Nos. and 
like that No. III shape, but shorter. 

The second has been lost from digit II, but present all the others, which 
very similar, but there are differences length, being shortest digit III and longest 
IV. all the toes this phalanx conspicuously short, broad and very rugose; the 
proximal end has two concavities with ridge between, but the distal end much less 
divided. 

The ungual phalanges differ size and shape each the digits, though greatly 
reduced all them. The ungual the third digit much broader transversely than 


that the fourth fifth and its distal portion far wider than the articular surface for the 


second phalanx, being produced laterally both radial and ulnar sides. the fourth 
digit the ungual much smaller, and especially narrower, there hardly any distal 
expansion. the fifth digit the ungual much smaller both dimensions than that 
the fourth and hardly more than rugose nodule. 

Comparing the manus Metamynodon with that modern rhinoceros, such the 
Sumatran species, Ceratorhinus figured Flower, one immediately 
struck the shortness the phalanges and reduction the unguals the the 
true the White River, such Subhyracodon and Caenopus, the 
phalanges are more tapir-like their proportions. 

often happens, when genus, long extinct, studied, and especially when has 
near relatives the modern world, the fossil exhibits characters which seem 
incompatible and contradictory and which render difficult, even impossible, the func- 
tional interpretation these apparently discordant structures. The unguals the manus 
Metamynodon, taken themselves, would seem show that the hoofs were reduced 
nails around the periphery columnar foot, such that modern elephant rhinoc- 
eros. the other hand, the articulations all the phalanges with each other and with 
the metacarpals seem imply unusual degree mobility the toes. How these 
seemingly incompatible features are reconciled, hardly worth while speculate. 


PEs 


The hind foot tridactyl and very much shorter than the tetradactyl fore foot. The 
tarsus very short proximo-distally, only the being decidedly elongate. 
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The astragalus remarkably broad and short, the two condyles, which the external 
one somewhat the larger, are separated very broad and somewhat shallow groove. 
The neck extremely short and the distal end unequally divided between the larger, 
slightly concave internal facet for the navicular and the smaller, more slanting surface for 
the cuboid, the two meeting angulation. the plantar side the astragalus are 
the two conspicuous facets for the caleaneum; the external one these two facets con- 
cave and the one which articulates with the sustentaculum oval, plane surface, trun- 
cated the distal end. This facet downward projecting pedicle, which 
unusual feature. Though peculiar several respects, this astragalus distinctively 
rhinocerotic type. 

The calcaneum even more peculiar than the astragalus and differs markedly from 
that the Rhinocerotidae, such Subhyracodon and Trigonias. The most striking fea- 
tures this bone are the great length and exceptional shape the tuber calcis. the 
hyracodonts and the true rhinoceroses the tuber rather short, laterally compressed and 
with principal diameter the dorso-plantar one; dorsal and plantar borders are notably 
parallel. Metamynodon the principal diameter the tuber calcis transverse, the plantar 
surface broad and flat and there dorsal border, while the dorsal surface 
rounded. The proximal, free end the tuber roughened and somewhat expanded, 
especially toward the tibial side, which produces club-like shape; the whole tuber seems 
twisted itself through angle 90°. 

The external astragalar facet large, rather low convexity and the portion the 
which below, distal it, remarkably short. The cuboid facet ex- 
ceptionally small and concave, and covers but little the dorso-plantar diameter the 
bone; the plantar side this facet, large, rugose tubercle. The sustentaculum, 
which separated from the external astragalar facet deep and narrow groove, 
unusually prominent, thick and massive; its articular surface for the astragalus slightly 
concave. 

The navicular extremely short proximo-distally and very broad transversely; the 
proximal end has simply concave surface for the astragalus and the distal end are facets 
for the two outer cuneiforms, while that for the entocuneiform very small and plantar 
rather than distal position. 

The vestigial and can have had very little functional importance, 
though wedged in, upon the plantar side, between the navicular and the head the 
second metatarsal and may have served strengthen the tarso-metatarsal articulations. 
shape, the bone nodular, with the principal diameter directed proximo-distally. The 
very much larger than the ento- and short, broad, cup-shaped bone, 
with concave surface for the navicular; its principal diameter the dorso-plantar one; 
distally, rests upon the head the second metatarsal. The ectocuneiform still larger 
than the meso-, especially transverse width, while its proximo-distal diameter about 
the same. Distally, this element articulates only with the third metatarsal, but does not 
cover the entire breadth that bone, for the cuboid extends over upon it, very exceptional 
structure. 

The metatarsus consists three members, mt. III, and IV, which are conspicuously 
shorter than the metacarpals. This very unusual among the White River Rhinoc- 
erotoidea, for the known skeletons both the hyracodonts and the true rhinoceroses 
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manus and pes are nearly the same length. The pes differs further from the manus 
having strictly mesaxonic symmetry, with approximation the secondarily paraxonic 
condition displayed the fore foot, also true Brontotherium. metatarsal, 
mt.II, somewhat, but not very much, shorter than mt.III, and forms symmetrical pair 
with mt.IV, though little exceeding the latter length. The proximal end heavy and 
nearly equal breadth and thickness, though the curvature the tibial face such that 
the distinction between breadth and thickness difficult draw. The proximal end 
covered the mesocuneiform; the facet for the ento- oblique surface the plantar 
side. The shaft short, straight and trihedral cross-section and the distal trochlea 
low proximo-distally, very much more than that the second metacarpal; the carina 
very low and completely confined the plantar side that does not groove notch 
the first phalanx. 

Metatarsal symmetrical itself and broader, more compressed planto-dorsally 
and thinner than are the laterals, but does not greatly exceed them length. The proximal 
end has very exceptional feature, not seen any the other White River Rhinocerotoidea, 
that articulates extensively with the cuboid. the lateral digits, the distal trochlea 
low and not carried far the dorsal side me.III. Metatarsal is, 
usual perissodactyls, the counterpart mt.II, which closely resembles mirror 
image. The proximal end heavy, almost equal transverse and dorso-plantar diameters, 
has plane surface for articulation with the cuboid and touches other tarsal. Shaft 
and trochlea are essentially 

Phalanges. previously pointed out (p. 860), the phalanges the pes display certain 
unexplained differences from those the manus; proximal phalanx digit (hind foot) 
short and heavy; its surface for the metatarsal shallow concavity, without proximal 
groove plantar notch for the carina. The distal surface, for the phalanx the second 
row, slightly convex and obscurely, not all, divided into two parts; this surface 
very oblique and slopes distally and dorsally, making the dorsal face the bone much 
longer than the plantar. 

Phalanx digit extremely short proportion its breadth; the proximal 
articulation, for the first phalanx, has median swelling, with very shallow concavity 
each side. The ungual digit small and asymmetrical, with straight fibular border 
and curved distal margin. Compared with such genera and Subhyracodon, this 
ungual much more reduced, especially proximo-distally. 

digit III the first phalanx trifle shorter than No. II, and not much broader, 
but more depressed and symmetrical. The second phalanx shorter, broader and more 
symmetrical than the lateral digits and the ungual differs being much broader. 
digit the phalanges are much like those need description. 

Species. Probably but two species Metamynodon should recognized, chadro- 
nensis Wood, the Chadron, and planifrons and O., the type species, the Brulé, 
from which rex Troxell should probably not separated. 


Metamynodon planifrons Scott and Osborn. 


Metamynodon planifrons Scott and Osborn: Bull. Mus. Comp. Harvard College, 
Vol. No. 165, 1887. 
Metamynodon rex Troxell: Amer. Journ. Sci., 5th Ser., Vol. II, 24, 1921. 
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The type-specimen this species the fine skull, lacking the mandible, which was 
collected Garman the Big Bad Lands South Dakota particular 
characteristic this species its very large size, for after the brontotheres had died out 
the end the Chadron substage, this was the largest the White Rivermammals. Witha 
much smaller head and longer legs, this animal had massive trunk and capacious 
thorax the existing Hippopotamus amphibius. The species name, planifrons, was not 
happy selection, for though accurately describes the type-specimen, the broad, flat 
forehead which conspicuous that skull, due slight dorso-ventral compression, 
and though insufficient produce crushing, obvious distortion, has yet had decided 
effect flattening the skull. 

The name, Metamynodon rex, which was proposed Troxell, does not appear 
justified distinct species, even variety; the author would seem have been 
misled the vertical pressure which the type-skull had been subjected. writes: 
Metamynodon rex, sp. nov. The main differences between the two species 
Metamynodon may summed follows: premolars rex sp. nov., only sub- 
molariform; the type has postorbital prominence rising from the malar such appears 
planifrons; the suture either forms sharp angle, leads from within the 
orbit; has three fangs instead two. The much smaller molar length, relative the 
premolar length, results partly from the greater age and wear, especially 

Troxell’s figures show, the type rex differs materially appearance from that 
planifrons, but this evidently due its freedom from dorso-ventral pressure. The 
difference the premolars accounted for the damaged condition all the teeth 
the type-skull planifrons; other differences are obviously individual. 


The following comparative measurements are taken from Troxell. 


planifrons 
Scott Osborn, rex 
1887 Holotype 
Skull, length, incisor 550 mm. mm. 
365 360 
Face, orbit premaxillary, ant..................... 170 
Cranium, ant. orbit 385 350 
Molar-premolar series, length...................... 225 202 
Diameters teeth 


Troxell, L., Amer. Journ. Sci. (5th), Vol. II, 27. 
Troxell, L., op. cit., 28. 
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The only notable discrepancy the dimensions these two skulls the length 
the face, which Troxell estimates mm., compared with 170 mm. the type 
planifrons, but this estimate valueless, because the premaxillaries have been lost from 
Troxell’s type. 

the American Museum are certain very large bones, obviously referable this 
genus, which were found the sandstones the Protoceras channels; more complete ma- 
terial may show that these represent different and relatively gigantic species; so, each 
the three substages will prove have its own species; chadronensis the Chad- 
ron, planifrons the lower Brulé and sp. innom., the upper, but the specimens 
are insufficient justify new name. The dimensions some very large limb-bones 
(A.M.N.H. No. 548) are given the Table 867. 


Feet Inches Metres 
Breadth across pelvis (Skeleton No. 

Fore Limb, total length, excluding 1.05 
Vertebral column, total length, including 2.09 


animal life was over nine feet long, about three feet broad through the chest, 
and nearly five feet 


and Wortman: Bull. A.M.N.H., Vol. VII, 374. 
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MEASUREMENTS 

No. 547 

No. 558 

Lower canine transverse 

No. 1097 

No. 1104 
Scapula, ant.-post. diam. glen. 102 104 


tes 
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MEASUREMENTS (Continued) 


No. 548 
315 
A.M.N.H. 
No. 10,886 No. 1086 

Carpus, max. prox.-dist. length 
Metacarpal II, width dist. end 
Metacarpal II, width dist. 
Metacarpal III, width dist. end 
Metacarpal III, width dist. 
Metacarpal IV, length med. 127 
Metacarpal IV, width dist. end 
Metacarpal IV, width dist. 


868 
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MEASUREMENTS (Continued) 


P.M. 
No. 10,886 
No. 1086 No. 1088 
Astragalus, prox.-dist. mm. 
Astragalus, outside width trochlea........... 
Mesocuneiform, thickness 
Metatarsal ITI, prox. 
Metatarsal III, width 
Metatarsal IV, prox. 
Metatarsal III, width mid-shaft............. 


No. 1100 
102 mm. 


| | 
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MEASUREMENTS (Continued) 


No. 1100 


Horizon: Lower Brulé, typically; the upper Brulé may, perhaps, contain different 
and larger species, but the material still too incomplete for determination this ques- 
tion. The genus represented the upper beds, but the species, more than one, are 
questionable. 

Locality: Big Bad Lands, South Dakota; yet, the genus has not been reported from 
the other areas the White River beds, Saskatchewan, Montana, North Dakota, Nebraska, 
Wyoming, Colorado, but this is, assuredly, accident collecting or, perhaps, 
preservation. 


Metamynodon chadronensis Wood 


Metamynodon chadronensis Wood: Journ. Mammalogy, Vol. 18, 93, 1937. 
Wood’s original description follows: 


C?, P2, M3; considerably smaller than planifrons, shade larger 
than Paramynodon lower molars smaller, more brachyodont, less flattened laterally, 
and more primitive pattern, than planifrons; thin layer cement lateral surfaces 

the specimen showed that intermediate size and character 
between Paramynodon cottert Burma and planifrons the Lower Brulé, being closer 
the former referred Metamynodon the basis geographic probabilities, 
and its known characters. Whatever genus may best match when the skull and upper 
teeth are found, however, clear that represents new species, intermediate between 
the most advanced earlier American forms and Metamynodon planifrons, and that there 
native American line which almost monophyletic. 

specimen slightly larger than Paramynodon cotteri and definitely smaller than 
small individuals Metamynodon planifrons. thin outer coating cement appears 
the external surfaces the teeth. P.3 reduced these two forms, but the talonid 
crescent shade less atrophied than Metamynodon. slightly less degenerate than 
the usual condition planifrons, the paraconid region not yet reduced 
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antero-posterior blade, but still has internal ridge descending posteriorly and nearly 
reaching the metaconoid. The molars are definitely less hypsodont, are less laterally com- 
pressed and are more like advanced species Amynodon than planifrons. Each 
molar noticeably smaller than the corresponding tooth planifrons, and the accumu- 
lated difference for the molar series striking. The molars have small internal cingula 
the outlets the talonid valleys, producing internal bulges their outlines, but these 
bulges are less pronounced, M.2, than 


MEASUREMENTS (MM.) (FROM Woop) 


Depth jaw below p2............. est. P4, transverse diameter............... 19.1 mm. 
Lower molar series, length............. 141.8 M2, antero-posterior diameter......... 47.4 
P3, antero-posterior diameter......... 17.1 M2, transverse diameter.............. 27.7 
P3, transverse diameter............... 13. M3, antero-posterior diameter......... 59.3 
P4, antero-posterior diameter.......... 26.8 transverse diameter.............. 25.8 


Horizon: Chadron. 
Locality: Quinn Draw, Cheyenne River, So. Dak. 


Section HIPPOMORPHA Wood 


Solidungula Wood (nec Cuvier): Bull. Amer. Mus. Nat. Hist., Vol. 260, 
1934. 


Hippomorpha Wood: Journ. Mammalogy, Vol. 18, 106, 1937. 


Comprised the hippomorphs are two superfamilies, the Hippoidea and the Bronto- 
therioidea, the latter with single family, the former with two, the Palaeotheriidae, and 
the Equidae. Many palaeontologists, majority them, perhaps, refer the extraordinary 
and aberrant family the chalicotheres this section, but consider that the not very 
close resemblance the molar teeth outweighed the striking and conspicuous differ- 
ences foot-structure. therefore, follow Cope placing the chalicotheres separate 
suborder perissodactyls, the Ancylopoda. The hippomorph section thus contains 
animals very different habitus and appearance, the comparatively light, cursorial horses 
and the ponderous, elephantine later brontotheres. The early brontotheres, the lower 
and middle Eocene, and the European palaeotheres are more similar their generally tapir- 
like proportions. 

The character which unites all the Hippomorpha the pattern the molar teeth. 
The upper molars have two external cusps, which are equal size and more less deeply 
concave the buccal side. Primarily, there are two conical and independent, internal 
cusps and two minute conules between each transverse pair cusps. Conules and internal 
cones are differently developed the various families, but they may all reduced the 
quadritubercular plan exemplified such genera the lower Eocene Condylarthra 
Phenacodus. all the families the Hippomorpha (and the Ancylopoda also) the two 
external cusps unite form the outer wall the tooth-crown and, the same time, they 
become concave; the horses and palaeotheres the intermediate conules extend into crests, 
which connect the internal and external cusps each transverse pair. the brontotheres, 
the contrary, the conules gradually atrophy and disappear, that there are trans- 
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verse crests and, until the end the family, the two inner cusps retain their primitive, 
simply conical form. 

Throughout the entire section the lower molars are bicrescentic, one crescent behind 
the other. This tooth-pattern not diagnostic that the upper molars, for 
shared other and widely separated orders. Certain artiodactyl families, such the 
anoplotheres, and all the known Litopterna South America, well the 
suborder, the Ancylopoda, have this type tooth. some these instances this molar- 
pattern must have been independently acquired, for three less closely related groups could 
hardly found among the hoofed mammals. Nevertheless, not without significance 
that all the Hippomorpha have lower molars this type. 


Superfamily Brontotherioidea Hay 


Titanotherioidea Osborn: Mem. Amer. Mus. Nat. Hist., Vol. 79, 1898. 
Brontotherioidea Hay: Bull. Geol. Surv., No. 179, 629, 1902. 


his magnificent and minutely comprehensive memoir the Osborn 
came the conclusion that Titanotherium Leidy was synonym Menodus Pomel. The 
former term is, therefore, longer available for generic, family, superfamily names. 
the name Menodus was the first distinctive term applied any member this 
group, would naturally selected for the family and higher categories, but the accepted 
rules nomenclature not absolutely require the use the oldest generic name the 
formation terms for the family and superfamily. the first thoroughgoing revisor 
the group, Osborn had the right selection for the family name and chose Bronto- 
Marsh the typical genus, but retained the vernacular form, 
being more familiar. his effort justice all his prececessors, Osborn did violence 
his own preferences and made some regrettable changes nomenclature, which, however, 
must stand, unless can shown that these changes were made from erroneous premises. 

the superfamily includes but single family, formal description the larger 
group required. 


Family Marsh. 


Brontotheridae Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 486, 1873. 
Titanotheridae Flower: Nature, Vol. XIII, 327, 1876. 
Titanotheriidae Flower: Proc. Royal Inst. G’t Brit., Vol. VIII, 109, 1876. 


This very peculiar and remarkable family came end North America within the 
White River age; smallest fragment any its species has ever been found above the 
level the Chadron substage, which the group reached its culmination stature, 
bulk, individual abundance and variability. The known beginning the family 
the upper division the Lower Eocene, its unheralded appearance pointing immigration 
from some other region, presumably Eastern Asia. Once established North America, 
however, flourished and became diversified surprising manner, the Middle Eocene 
this continent containing many more these animals than any other region. the 
Middle and earlier part the Upper Eocene, this family was the dominant mammalian 
group, surpassing the other families diversity and abundance. the uppermost Eocene 
(Uinta C.) and lowest Oligocene (Duchesne River) the number genera and species 
greatly reduced, appearance, least, but view the notorious the 
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Brontops robustus: Skeleton, oblique view left side: A.M.N.H. 


Fig. 143. 


Y 
uy 


SCOTT-JEPSEN: FAUNA THE WHITE RIVER OLIGOCENE 


geological one cannot place implicit trust appearances. The reduction 
variety and numbers, whether real deceptive, was accompanied great increase 
stature and body-weight and conspicuous growth the horn-like protuberances the 
skull. Between the Duchesne River and the Chadron, oldest White River, remarkable 
change had taken place, consisting great increase variety, stature, bulk and weight 
and the growth the which often take fantastic proportions. Whether these 
striking changes were all native origin, whether there was mass-migration from Asia, 
cannot yet decided, but seems very probable that the Chadron brontotheres must have 
been largely recruited immigration, for large number divergent forms (whether 
accepted not) could hardly have been derived from small and uniform 
body ancestors short time. 

may, course, eventually shown the progress discovery that the late 
Eocene members the family America were far more numerous and diversified than 
there is, present, reason believe, but, without evidence, such possibility cannot 
made the basis deduction. The extraordinary difference between the stages the Upper 
Eocene (Uinta and B), with regard the number and variety the brontotheres, may 
illusory and due conditions fossilization, but, the face the evidence, would ap- 
pear that the family declined greatly North America after the older stage the Uinta 
(A), only re-expand and become more diversified than ever the Chadron substage 
the White River. The re-expansion was soon cut short the final extinction the family. 
obvious, however that the group was subject extraordinary degree variability, 
that the number genera and species which should recognized, forms still insoluble 
problem, concerning which two observers have agreed. The probably great effects 
sex and age and fluctuating variability have not been sufficiently evaluated. 

The geographical distribution the family interesting and significant its 
evolutionary history; pre-eminently group Eastern Asia and western North 
America; doubt, spread across the latter continent the Atlantic, but has not yet 
been found east the Great Plains region. view, however, the extreme scarcity 
Eocene and Oligocene mammals the eastern half North America, little importance can 
attached this negative evidence. While the family probably originated Asia, 
sending out migrants North America the older Eocene, both Mongolia and America 
were centres vigorous development through the middle and upper Eocene and lower 
Oligocene, and cannot yet told where most the genera originated. Many genera 
are common both continents, while each region had others peculiar itself. the 
Upper Eocene and again the Oligocene the brontotheres extended their range Europe, 
though, seemingly, they did not succeed penetrating beyond the southeast. Bohemia 
the farthest known point reached these invasions, which manifestly came from Asia; 
the invasions were sporadic and had lasting effects. 

Most modern students mammalian palaeontology have followed the plan first 
proposed Schlosser and treat family genetic sequence, within which great structural 
changes may have been brought about. Used this sense, the Brontotheriidae were 
comparatively short-lived group; their known range America extending only from the 
Lower Eocene through the Lower not the place for evolutionary study 
the family, yet, without some account its development, impossible frame 
definition the group. (1) There was constant increase stature and body-weight, 
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culminating the sub-elephantine proportions the Chadron species. (2) The skeleton 
underwent adjustment the mechanical needs supporting great weight, the long 
bones losing the marrow-cavities, which became more less completely filled with cancel- 
lous bone. (3) The process digital reduction ceased and, from the earliest known begin- 
nings the family its final extinction, the digital formula the manus, III the 
pes. (4) Paired dermal horns appeared the nasals, which subsequently developed bony 
pedicles, which the horns were set. Eventually, the horns seem have disappeared, 
the pedicles replacing them functionally and growing fantastic lengths and variety 
form. There evidence that these skin-covered and club-like protuberances were effective 
weapons attack. (5) Asin the horned perissodactyls generally, the skull became flattened 
top, losing the sagittal crest and acquiring longitudinally concave profile. system 
numerous small, communicating sinuses was developed around the brain-case, lightening 
the skull without loss strength. (6) The zygomatic arches became extremely and dis- 
proportionally heavy, reaching extraordinary degree massiveness old males. (7) 
the Eocene members the family the brain, indicated natural and artificial casts 
the cranial cavity, was moderate size, but its development did not keep pace with the 
enlargement the skull and the skeleton, whole. Consequently, the Oligocene 
genera had excessively small brains, hidden away, were, the immense skull. (8) 
The teeth underwent comparatively little change within the family; the incisors were grad- 
ually reduced functionless vestiges and, number, they diminished two, one 
each side, above and below, were even absent altogether. The number incisors 
very variable and often different opposite sides the same jaw. The canines become 
relatively much shortened and project but little above and below the level the cheek- 
teeth, and though they remain thick and strong they can have been but little service 
weapons. (9) all the perissodactyl families, the premolars tended assume 
the molar pattern and there much difference various White River specimens how 
far the molarization had proceeded, but never was entirely complete, the extinction 
the family cutting short the process. (10) The molars remained almost unchanged through- 
out the history the family; some the White River skulls the molars are higher- 
crowned than others, but none can they called hypsodont. 

The exceptional variability the Chadron brontotheres, which has led the describ- 
ing and naming such inordinate number genera and species, confined the skull 
and, much less marked degree, the teeth. Whatever may prove the number 
species and genera, the skeleton the White River forms remains substantially unchanged. 
Were only skeletons without skulls known, one would suggest the forming more than 
genus. This, however, argument against recognizing several distinct genera; 
the same phenomenon repeated, astonishing degree, among the Proboscidea, 
which, from the earliest Eocene forms the latest and largest the Pleistocene giants, the 
skeleton neck, trunk, limbs and feet changed relatively very little, while teeth and skull 
underwent the most profound transformations. There are other mammalian groups, 
which the history might written very similar terms. 

Contrary the usage followed most this memoir, the description the bones and 
teeth will first given for the White River group, whole, and then the principal modi- 
fications dentition and skull will considered under the various genera. Osborn’s 
monograph renders unnecessary more than such summary account required 
monograph the White River fauna, which shall not ignore any part it. 


SCOTT-JEPSEN: FAUNA THE WHITE RIVER OLIGOCENE 875 


DENTITION 


The teeth are quite uniform throughout the Oligocene, differing only minor respects, 
and there comparatively little change from the Eocene, other than increase size and 
molarization the premolars. The dental formula varies considerably different indi- 
viduals, the incisors and foremost premolars being present, absent irregular fashion. 
Including Teleodus, the formula may written follows: 
the number incisors often differs upper and lower jaws and the two sides the same 
jaw. 

Upper Teeth. The incisors are relatively very small and have subspherical, shoe- 
button-like crowns, which are covered with smooth, burnished enamel; they are inserted 
long, narrow, laterally compressed roots. Apparently, these teeth were without func- 
tion, for, even old animals, they show signs wear. some individuals, the incisors 
are larger and more pointed and more like those Eocene species. This difference may 
specific, even generic character, may due Mendelian segregation. doubt, 
the gathering the soft vegetation upon which the brontotheres fed, was effected the 
tongue. 

The canines, though actually large, are relatively small, projecting but little below and 
above the masticating surface the premolars, and vary much actual size. These 
teeth are interesting example arrested development, without actual reduction size. 
the Eocene genera the family, such Palaeosyops and, especially, Telmatherium, the 
canines were formidable weapons, large proportionally the Grizzly Bear. The 
evolution the family which went through the upper Eocene and lower Oligocene, was 
accompanied great increase size, with which the molar teeth kept pace, but the 
canine tusks, like the brain, failed enlarge proportionally. most other parts the 
organism, however, there much variation the size and shape the canines; some 
individuals they are relatively long and pointed; the other extreme, they are described 
even those from which the influence sex seems excluded. 


though 


again they are short and thick, bluntly pointed and even bulbous shape. 


The premolars, usual families, were process transformation, 
gradually taking the molar pattern, but the change was still unfinished, when the extinc- 
tion the family put Like all the other features dentition and skull, the pre- 
molars, especially the upper ones, are subject great variation and the differences have been 
much employed for the discrimination The premolars are small comparison 
with the molars and differ from them principally the conformation the external wall, 
which the two outer cusps are not deeply concave, they are the molars, but convex 
and ribbed and there such prominent mesostyle occurs the molars. The buccal 
face the upper premolars has distinct resemblance that the rhinoceros-premolars. 
the inner side the differences affect chiefly the development the postero-internal con- 
ical cusp, tetartocone. leidyi, so-called, the two internal cusps are 
distinct, separate and simply conical form; other skulls these cusps are incipient and 
every intermediate stage occurs. 

The upper molars are very constant and highly characteristic throughout the family, 
from its earliest known its latest member. Like the other families the Hippomorpha, 


= 
we 
te 


876 TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 


the horses and the palaeotheres, the external cusps are deeply concave and are connected 
very prominent and rounded mesostyle; the lower edge the outer wall trenchant and 
has characteristic W-like shape, the palaeotheres and early horses. the two 
families last-named the molar-crowns have two transverse crests, the proto- and metalophs, 
which were originally formed extension the intermediate conules junction with 
the internal and external cusps each transverse pair. the brontotheres, the con- 
trary, there are cross-crests, the conules having been lost, though some cases vestiges 
them remain; consequently the two internal cusps retain their primitively conical shape. 

characteristic the brontothere upper molar the great inequality vertical height 
between the inner and outer halves the crown, the external portion being very much 
higher and occluding down past the outer margin the lower molars with shearing effect. 
other perissodactyls have upper molars like these and, though the aberrant, clawed 
Ancylopoda display certain approximation the brontotheres molar pattern, the like- 
ness not close generally supposed, for the chalicotheres, there posterior 
crest, though very short one. These teeth not imply closer relationship between 
chalicotheres and brontotheres than between the latter and any other the hippomorph 
families. 

Lower Teeth. These are less peculiar than the upper series and, for the most part, 
they conform the type displayed the earlier representatives the other hippomorph 
families. The incisors are very variable number and size, ranging from three none 
and from functional teeth useless buttons. Most individuals have, side, two 
more less vestigial teeth, but some (Megacerops) have lost all trace them both 
jaws. The canines resemble the superior ones and the cheek-teeth are much less variable 
than are those the upper jaw. The molars are pattern which not only common 
all the Hippomorpha and the chalicotheres, but also several families which are not peris- 
sodactyls all. The premolars are somewhat more molariform than those the upper jaw; 
pl, like pl, very small and frequently shed adults; has depth root, because 
the canine curves beneath it; p2, and are progressively larger and more molar-like; 
they have the bicrescentic form and, each successive tooth, the valleys are deeper and 
better defined. The molars have the bicrescentic pattern which repeated many 
perissodactyl and artiodactyl families and again the Litopterna South America; such 
teeth are, therefore, little value determining relationships. What especially charac- 
terizes the lower molars all the brontotheres, Eocene and Oligocene alike, the relatively 
very large size the talon, heel, the last tooth, m3. 

Milk Dentition. number temporary teeth subject variation and the formula 
The milk incisors 
are minute and must have been useless; shape, they resemble the permanent ones. The 
milk canines would seem not have been observed, though some jaws preserve alveoli 
for them, others there space for them between the lateral incisor, di3, and the fore- 
most premolar. When formed, they must have been very small and early shed. Ap- 
parently, the first tooth the premolar series was not changed and its eruption after that 
the second and third the temporary premolars would seem indicate that this 
tooth was one the second set. The other milk premolars are molariform, but dp4 lacks 
the postero-internal cusp. 


is, some respects, uncertain, but may written: 


” 
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SKULL 


The most peculiar and aberrant features brontotherian anatomy are displayed the 
skull, which subject great variation according sex, age and individual fluctuation; 
the skeleton neck, trunk, limbs and feet very much more constant and varies but little 
save size. The characters the skull have been very fully described Osborn and 
nothing called for here beyond summary account, order that the White River mam- 
mals may sufficiently covered what intended monograph that great fauna. 
omit the brontotheres would make regrettable hiatus the story. 

The different views the skull, top, side, base and ends, give the most adequate con- 
ception its essential characteristics, but, preliminary, Osborn’s account the struc- 
tural significance the horns may well quoted: gradual evolution the horns 
the Eocene titanotheres was followed their more rapid evolution the Oligocene titano- 


gus 


Fig. giganteus: Skull, right side: Field Mus. H., No. P5927. 


theres, until they became the dominant and central feature the skull, conditioning its 
entire architecture. With the development the horns powerful weapons are correlated 
changes the structure the nasals, the zygomatic arches, the cranial vertex, the 
occiput, the vertebral spines and the entire anatomy the anterior half the 

The horns, so-called, are bony outgrowths from the antero-external angles the 
frontals and vary enormously length, diameter and shape. That they were used 
weapons, altogether probable, but they are unlike any category true pre- 
viously indicated (p. 874), the horns, call them so, first began dermal thickenings, 
carried the nasal bones, the early Upper Eocene (Uinta A.); next, the dermal horns 
supposedly became like those rhinoceroses and were shifted the frontals, maxillaries, 
and bony pedicles were formed supports, and these subsequently, White River times, 
assumed extraordinary length and shape, seemingly replacing the dermal horns and moving 


Osborn, F., The Titanotheres Ancient Wyoming, Dakota, and Nebraska; Geolog. Surv., 
Monograph 55, Vol. 444. 
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forward, until, many instances, they absorbed, overgrew the nasals. Such skulls 
those Manteoceras, Dolichorhinus, and Teleodus, indicate the phylo- 
genetic stages change. 

Side View. The brontothere skull, when seen from the side, has much resemblance 
that large rhinoceros, with similarly concave upper profile, which, the Duchesne 
River species interrupted midway its length prominent convexity; 
all other known White River genera have the rhinoceros-like concavity profile, which 
sufficient, itself, show that the horns were actively employed weapons. The 
cranial region these skulls remarkably elongate and the pre-orbital part the face 


s 
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Fig. 145. copei: Skull, left side: Nat. Mus. (From Osborn.) 


correspondingly short. Without the mandible, the skull low, but the heavy lower jaw 
and high ascending ramus largely compensate for this. The horns, which, Osborn says, 
dominate the architecture the skull, vary extraordinary degree, though but three 
types them are distinguishable, the short, thick and trigonal, the very long and sub- 
cylindrical, and the very broad, antero-posteriorly compressed and flattened; other features 
modify these forms, such the erect and the anteriorly inclined. The portion the nasal 
bones which projects freely front the horns also differs greatly, from free portion 
several inches long hardly perceptible angulation. This difference has marked effect 
upon the appearance the skull, when seen from another factor modifying 
the appearance, the bridge between the bases the horns. 

Finally, the zygomatic arches count for much the picture; they are very heavy and 
project far out from the sides the skull, but, like other features, they are subject 
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extraordinary degree variation, age and sex having the greatest effect producing these 
differences. young females the arch relatively not very much heavier than large 
rhinoceros skulls, while old males they attain degree massiveness and rugosity that 
can only called extraordinary. There may also specific differences involved these 
variations, but, so, not yet practicable point them out. 

Top View. exhibit two types outline, when seen from above, which may 
have specific, even generic significance. the commoner type the cranium narrows 
forward for short distance front the occipital crest, thence widens anteriorly to%a 
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Fig. 146. Brontops robustus: Skull, left side: No. 12,048. (From Osborn.) 


great breadth over the orbits. the second type the skull conspicuously narrow and its 
sides are nearly straight and parallel from the occiput the horns, the zygomatic arches 
not taken into consideration. Skulls this second type have even more grotesque 
appearance than those the first. both types the skull, aside from its longitudinal 
concavity, very flat-topped and trace sagittal crest arearemains. This because 
the great development sinuses and cancelli the cranial bones, for the brain-cavity 
preposterously small and seems lost the great skull. Evidently, the growth the brain 
did not keep pace with the great increase height and bulk the Oligocene brontotheres. 
the Eocene ancestors the family the brain, though actually small, was proportionally 
much larger than the White River species. 

-Other factors that modify the appearance the skull, when viewed from above, are 
(1) the size, shape and position the horns and the height the bridge between them 
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(2) the development the zygomatic arches; (3) the extension the occipital wings and the 
depth the emargination between them; (4) the length, breadth and outline the freely 
projecting part the nasals front the horns. 

Base View. The outline the skull seen from below is, course, the same when 
viewed from above, yet the top view certain features are concealed the overhanging 
cranial roof. The extravagantly small size the brain-case even more conspicuous 
this aspect the skull, and the great breadth and massiveness the zygomatic arches 
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Fig. platyceras: Skull, left side; II, Horns from the front. Yale Mus. No. 12,013. 
(From Osborn.) 


produce much the effect. The occipital condyles are closely approximated ventrally and 
the postglenoid region the cranium short. The hard palate nearly uniform width, 
the two tooth-rows converging forward but little. The posterior nares are long and narrow 
and have almost rectangular shape, with parallel sides. The anterior border the opening 
nearly straight, with obscurely indicated spine, and lies opposite the middle m3. 

Rear View. the there are two types, the high and narrow and the broad 
and low; the expanse and thickness the zygomatic arches and the length and shape the 
horns are the principal modifying factors this view. 

Front View. This is, perhaps, the strangest all the aspects these most unusual 
skulls; its expression dominated almost entirely the horns and the zygomata and these 
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vary endlessly. Not only the shapes the horns, but their position; whether parallel, 
strongly divergent, long short, trihedral, rounded, flattened, connected bridge, 
without such connection, determine the outlines the picture. These variables, 
combination with the less variable arches, give simply unending differences the aspect 
the skull from the front end. Compare, for instance, Osborn’s figures which ascribes 
Allops serotinus, crassicornis (Pl. CXIX) and Megacerops copei CXLIV) for 
extremes (though not the only ones) among these forms. 
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Fig. 148. platyceras: Skull, base view: Nat. Mus. No. 4946. (From Osborn.) 


Bones the Skull. The details skull-structure are best shown the very young 
specimen the Carnegie Museum (No. 116) which was described and figured 
and which the sutures are all widely open. The deciduous teeth are nearly all place, 
though the milk-canines, they were ever erupted, had been trace 


alveoli; were the point dropping out and their permanent successors were 


ready replace them. The first molar had been fully erupted, but shows sign 
abrasion, and the other molars were concealed the jaws. The proportions this skull 
not differ greatly from those the adult, but somewhat shorter, wider and vertically 


the facial region proportionally shorter and the cranial region longer, all which 
differences give the skull immature aspect. 


Hatcher, B., Ann. Carnegie Mus., Vol. pp. 256-61, Pls. VII, VIII. 
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The occiput this individual low and wide and principally made the supra- 
occipital element, which has small, triangular extension upon the cranial roof between 
the parietals; posteriorly, each side, the supraoccipital produced into wing-like 
process, the prominence which and the consequent depth the emargination between 
the wings, are extremely variable and differ the supposed species, but the processes 
evidently increase length with age. The exoccipitals are low and wide and their dorso- 
ventral height diminishes much from the lateral borders the median line, where the two 
bones meet very short suture above the foramen magnum. The condyles are relatively 
small, are widely separated both dorsally and ventrally and their principal diameter the 
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Fig. platyceras: Skull, top view: Field Mus. Nat. Hist., No. P12,161. (From Osborn.) 


vertical one; they project prominently backward behind the plane the occiput. The 
paroccipital processes are broad and short, narrowing blunt point distally. narrow 
band the mastoid exposed the surface the cranium between the paroccipital and 
post-tympanic processes. 

The parietals form relatively little the cranial roof, though enclosing most the 
very limited cranial cavity. The exposed, dorsal side the parietals very broad and 
transversely flat, but rising steeply the crest the inion; these bones are very thick and 
the two tables are separated the extensive system cancelli mentioned above. An- 
teriorly, the two purietals are very deeply emarginated the frontals, that they have 
much greater extension the sides than the roof the skull. Even the sides, how- 
ever, they are narrow. they diverge somewhat receive the small, triangular, 
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Peabody Mus., Yale, 


(From Osborn.) 


Type: Skull, from below; from above. 
No. 12,060. 


Menodus giganteus, 


Fig. 150. 
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inter-parietal process the supraoccipital. small inter-parietal visible the young 
skull, but, the adult, indistinguishably fused with the parietals. 

The frontals are much the largest the cranial elements; some skulls they are 
nearly uniform width, with parallel sides; others they broaden forward the postorbital 
angulations, from which line they narrow somewhat the antero-external boundary. 
Like the parietals, the frontals are flattened transversely, somewhat concave longitudinally 
posteriorly, they extend far between the parietals broad, rounded processes; front, they 
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Fig. bucco: Skull, base view: A.M.N.H. No. 6345a. (From Osborn.) 


are emarginated narrower, deeper notch for the nasals. These bones the skull-roof 
are imbricated, the parietals overlapping the frontals and the frontals extending over the 
nasals like shingles Hatcher’s phrase. The frontals, like the parietals, 
are very thick because the cancellous bone, with which they are filled. this juvenile 
skull the so-called horns are small and are entirely confined the frontals, the antero- 
external angles, where the nasals are interposed between them. the sides, the frontals 
extend over upon the nasals, but the latter have share the formation the horns. 
These bony projections are subject great variation form and size, but are either sub- 
trihedral, cylindrical, broad, antero-posteriorly compressed and flattened. Each 
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these three forms has subdivisions long and short, large and small diameters. They are 
consistently smaller the female; whether they continued grow till advanced age, 
difficult say. 

The nasals vary, least appearance, more than any other bones the skull; 
the very young skull and the specimens referred Megacerops, these bones are elongate 
and lozenge-shaped; their greatest breadth between the horns, which line arises the 
inter-cornual bridge, that present. From that line they narrow both directions; the 
posterior portion the longer and narrower and ends behind sharp this 


Fig. bucco: Skull, top view: A.M.N.H. No. 6345a. (From Osborn.) 


posterior portion lies the deep anterior emargination the frontals. The pre-cornual 
part the nasals varies immensely length and shape and some these differences may 
possibly generic significance. the freely projecting portion the nasals, front 
the horns, the length and form are determined by, correlated with the size, shape and 
position the horns, which seem, certain skulls, have grown over the nasals, leaving 
but vestige uncovered. Posteriorly, the nasal sends down descending branch, the curved 
border which the hinder boundary the narial incision; this branch forms right angle 
with the horizontal branch and connects behind, suture, with the frontal and, more 


extensively, with the lachrymal and, ventrally, has relatively extensive suture with the 
maxillary. 
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The lachrymal forms nearly the whole anterior border the orbit and has extensive 
dorso-ventral length, but narrow antero-posteriorly, except along the frontal suture; most 
the anterior border taken the nasal, but there short suture with the maxillary 
and, ventrally, even shorter one with the jugal. Externally, the lachrymal displays 
neither spine nor foramen. 

The are greatly reduced correspondence with the diminution the 
incisors; these bones have extremely short ascending rami which are far removed from any 
contact with the nasals. The palatine processes are very small and form but little the 
hard palate; the alveolar border nearly straight transverse line and the incisive foramina 
are extremely small. short, the premaxillaries may fairly described vestigial. 

The rather exceptional shape, made the uncommonly anterior posi- 
tion the orbit, which causes the preorbital portion the bone unusually narrow. 
The encroachment the nasal also makes this preorbital area dorso-ventrally low and 
brings the large and conspicuous infraorbital foramen near the anterior narial opening, 
the hinder border which formed chiefly the maxillary. The suborbital portion 
the latter very long and low and far covered the jugal, hardly visible from 
the side. The bony palate mostly made the maxillary plates; vaulted and 
concave, narrowing somewhat forward, the tooth-rows converge but little that direc- 
tion. the palatines, Hatcher says: ‘‘These form the posterior median portion the roof 
the palate and send backward either side lateral projection along the inner sides 
the maxillaries and pterygoids, which are continued nearly the posterior end the 
basisphenoid.”’ 

The vomer ‘‘is continued far back thin plate resting upon the pre- and basisphenoids 
and sending downward thin, knife-like median bony septum. The basisphenoid the 
present specimen entirely free from the basioccipital, the suture being 

The tympanic very small; there tubular meatus, but inflated bulla; juvenile 
skulls this bone nearly always missing, as, evidently, was but loosely attached. 

The is, one sense, large and forms nearly the whole side-wall the brain- 
cavity. the other hand, this cavity relatively very small, that the squamosal 
very limited and much smaller than one the frontals, which take part the forma- 
tion the cerebral chamber. Posteriorly, the squamosal extends the crest the inion, 
which forms the ventral portion, ending below the prominent post-tympanic process. 
Between this and the paroccipital exposed narrow strip the mastoid, which seems 
visible only the young animal, the sutures close the the juvenile skull, 
the post-tympanic and postglenoid processes are separated short space, but most 
adults the two are more less intimately contact, enclosing the auditory meatus below. 
The postglenoid process remarkably elongate, far longer, the young animal, than post- 
tympanic paroccipital; the adult the relative length varies and sometimes one process 
the longer, sometimes the other. 

The zygomatic process subject extraordinary variation according age, and sex, 
perhaps also, accordance with the genera and species involved, though this doubtful. 
the female and the juvenile skull, the process broad dorso-ventrally, thin trans- 
versely, much modern rhinoceros, but males, the bone incomparably more mass- 


Hatcher, B., Ann. Carnegie Mus. Pittsb., Vol. 258. 
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Fig. robustus: Skull: base view; II, top view. A.M.N.H. No. 12,048. (From Osborn.) 
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ive and rugose, and becomes heavier with age, reaching fantastic proportions the skulls 
old animals, such Cope has described and figured under the name Symborodon bucco. 

The jugal developed pari passu with the zygomatic process the squamosal, long 
and thin young and female skulls, extremely heavy males, especially aged specimens. 
The jugal extensively overlapped the process the squamosal, but does not reach 
the glenoid cavity. The orbit widely open behind, the postorbital processes both 
frontal and jugal being very low. This bone has long suture with the maxillary and 
very short one with the lachrymal. The temporal openings are elongate, relatively narrow 
ovals. 

The mandible long, dorso-ventrally wide and laterally compressed; the greatest 
individual differences are the symphyseal region. The more usual form more less 
erect and abruptly rounded chin, but some specimens the symphysis almost pro- 
cumbent; this feature especially characteristic juvenile skulls. The large condyle 
sessile the very young animal, but the depth the sigmoid notch increases with age. 
The coronoid process proportionally weak, usually erect and slightly recurved; the 
angle the jaw varies much form and thickness, but never very thick, 
modern rhinoceros, for instance. 


VERTEBRAE, RIBS AND STERNUM 


generally the case that perissodactyls the formula for the trunk-vertebrae 23, 
though the equine family the number frequently 24, even 25. The brontotheres 
are the only family the order which the trunk-vertebrae are constantly less than 23, 
and this, far back the Eocene the family can traced. curious fact that 
the White River species the family the formula has not been ascertained beyond per- 
adventure, though there room for doubt that the trunk-vertebrae were fewer than 23, 
and the trunk was, consequence, shortened. was one the first observe 
this highly exceptional condition and reported that, nearly complete vertebral column 
Brontops robustus, the formula was: D17, L3. Marsh? had previously assigned this 
species the formula D17, The Eocene genera the family, far they are known, 
all have less than trunk-vertebrae, though the number does not appear quite 
uniform throughout. Thus, the Upper Eocene, has, according 
the formula D17, L3, and the same would seem true the Middle Eocene 
Palaeosyops, which characteristic the Bridger stage. the other hand, Dr. Walter 
Granger informs that skeleton the American genus, Dolichorhinus, found the 
Gobi Desert Mongolia, which was exposed, but not taken up, displayed dorsal, 
lumbar, and sacral vertebrae. fairly complete skeleton, referable any member 
the Brontotheriidae, has been found beds earlier than that the Bridger stage and, 
therefore, impossible say when this exceptional vertebral formula first appeared. 

the White River brontotheres the neck short and massive and the individual 
cervical vertebrae are relatively very short. The atlas varies considerably its proportions 
and certain details structure, but the type remains constant. very possible that 
some these variations are taxonomic significance; compare, for instance, the atlas 

F., Bull. Amer. Mus. Nat. Hist., Vol. VII, 348. 


Marsh, C., Amer. Journ. Sci., 3rd Ser., Vol. 163. 
Peterson, A., Ann. Carnegie Mus., Vol. IX, 29. 
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which Osborn refers Allops crassicornis (Osborn, F., op. cit., Vol. 680, Fig. 612, 
A2) with that (p. 689, Fig. 621, B1, B2, B3). the latter 
all the processes are more developed and prominent, including the neural spine, the hypa- 
pophysis and the transverse processes, which extend farther forward, converting the 
atlanteo-diapophysial notches into foramina. both species, however, the general form 
the same; both the bone short antero-posteriorly, moderate width 
with proportionally small neural canal and heavy walls the arch; the inferior flange 
perforated the vertebrarterial canal, but the foramen concealed except directly 
ventral view. The hypapophysis small tubercle upon the hinder edge the inferior 
arch and forms spur, which extends back beneath the axis. The transverse processes are 
short, but heavy, and the atlas, whole, heavy, but antero-posteriorly short, harmony 
with the shortness the entire neck, but the dorso-ventral diameter relatively large. 

The massive; the centrum very broad, but much depressed, especially the 
anterior face, with its wide, low and convex surfaces for the atlas; the odontoid process 
short, heavy and truncated-conical shape. The neural canal extremely small and 
triangular cross-section and the pedicles the neural arch are strikingly thick. The 
neural spine massive, but rather low and expanded antero-posteriorly, equal 
length the centrum and odontoid process together; shape, the spine not unlike that 
rhinoceros, but more massive and has much more thickened and rugose dorsal border. 

For the succeeding vertebrae Osborn’s description these cervicals Brontops robustus 
may cited: 

C.3-7 the neural spines increase regularly height, that C.7 being pointed, 
but entirely different character from the spine D.1. The prezygapophyses and post- 
zygapophyses are flattened and face upward and inward, and downward and outward; the 
laminae the neural arch increase gradually width seen from above 
The cervical transverse processes ribs (pleurapophyses) C.3 exhibit broad thin plate; 
C.4 rugose superior and small flat inferior lamella; C.5 rugose and subequal superior 
and inferior lamella; C.6 rugose superior lamella; the imperforate C.7 the inferior 
lamella entirely wanting. 

presacral centra. The comparative measurements 667 bring out 
the following characters the proportions the centra. The short, deeply opisthocoelous 
cervical centra (C.3-7) range from millimeters length, from 107 114 width, 
and 106 113 height, practically high broad. The dorsal centra are less deeply 
opisthocoelous; they are longer than the cervicals, ranging from millimeters 
length; the anterior dorsals the vertical exceed the transverse measurements, correlated 
perhaps with the spines; the middle and posterior dorsals the vertical less than the 
transverse (Osborn, op. cit., 667.) 

The line the vertebral centra curves gently down from the rump the withers, 
reaching its lowest point the dorso-cervical junction, but this downward curve more 
than compensated the neural spines, which are enormously elongated the anterior 
dorsal region. This great elongation the anterior dorsal spines correlated with 
the immense weight the skull and the necessity wielding the weapons; 
tremendous muscular strength was, thus, required the neck. 

There are rib-bearing dorsal vertebrae. The first dorsal (D.1) marks 
very abrupt transition from the cervicals the sudden elevation its very broad spine 
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height 590 millimeters; the laterally flattened upper portion the spine rests upon 
the relatively short triangular lower portion. the succeeding dorsals, the 
triangular basal portion the spine, deeply excavated posteriorly, becomes relatively 
higher until D.7, extends nearly the top the spine. The spine D.2 appears 
have been the stoutest and most elevated; more backwardly directed than that D.1. 
From D.8 D.17, inclusive, the spines gradually diminish height and become more 
slender and more backwardly directed. L.2 and obliquely directed 
(p. 667). (See Fig. 143, 872.) 

The spines all the trunk-vertebrae have more less decided backward inclination 
and there anticlinal, though the spines the last three dorsals are nearly erect. 

zygapophyses [in the Yale skeleton are characteristic; the post-zygapophysis 
D.1 and prezygapophysis D.2 are transversely oblique face respectively outward and 
inward, whereas the American Museum skeleton referred Brontops they are subhori- 
zontal. The post-zygapophyses are antero-posteriorly oblique subhori- 
zontal, facing downward and upward respectively rather than outward and inward. 
D.14 transition occurs the outward facing the post-zygapophyses and the inward 
facing the prezygapophyses. D.17 the articulation very slightly revolute, convexo- 
concave. L.1 the articulation not preserved; L.2 the post-zygapophyses are flat 
and face obliquely outward and downward. 

facets. Throughout the series the capitular facets are the largest the posterior 
sides the centra, attaining very great size, for the especially large third, fourth, and 
fifth ribs. the facets rise from the base the neural arches, and even 
the posterior dorsals, the tubercular facets are relatively large and well 
developed. 

The lumbars are imperfectly preserved, one the vertebrae being lost 
entirely. The lumbar exhibits the following distinctive characters: spine recumbent, 
zygapophyses facing obliquely outward and inward, not revolute, transverse processes 
rather feeble, with broadly rugose and sessile inferior keel. 

There are four sacrals rather imperfectly preserved; they rapidly diminish 
size, being very much larger than the succeeding sacrals. 

unusually perfect series caudals preserved sequence behind 
the last sacral. The relatively small size the most anterior caudal correlated with the 
small size the posterior sacral and [indicates small tail. The centra increase length, 
from C.1, which measures millimeters, C.9, which measures and diminishes C.16 
which measures but 35. Neural spines and rapidly diminishing zygapophyses were present 
C.1 exhibits chevron inclosing the haemal artery; this element may also 
preserved C.4 and C.5. The transverse processes rapidly diminish behind C.1 and 
finally C.11. are biconvex. Beginning are decidedly 
compressed 

Ribs. Nine ribs are preserved the Yale skeleton but the American Museum 
specimen, which also referred Brontops robustus, ‘‘the ribs are admirably preserved 
continuous series both sides. The general characters are follows: Ribs pro- 
gressively increase length and width section ribs 5-8 are approx- 
imately equal length but slightly decrease antero-posterior diameter width; they 
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crease the convexity the outer surface, passing from more flattened more convex 
lenticular (Osborn, 672.) 

the American Museum skeleton, there the very interesting feature rib (the 
7th the right side) which was fractured the life-time the animal and never knit, but 
formed false joint, the broken ends, especially the distal one, being much enlarged 
exostoses. The case closely similar that the skeleton Archaeotherium 


which was described Part this monograph, pp. (Princeton Univ. Mus., 


No. 10,885), and has fractured rib that did not knit. 

Sternum. the Yale skeleton the manubrium lacking, but three segments the 
mesosternum are preserved. ‘‘The supposed second sternebra broadly depressed 
section, measuring but millimeters vertically, 123 antero-posteriorly and transversely 
the flattening the body this element partly due crushing. The supposed third 
sternebra deeper, measuring millimeters vertically, shorter (ap. mm.) and some- 
what narrower (tr.64mm). fourth sternebra, which was largely cartilaginous 
the extremities, measures millimeters vertically, antero-posteriorly and trans- 
(Osborn, pp. 667-8.) 


GIRDLES 


There marked difference length between fore and hind legs, the proportions 
which must have been similar those small elephant. 

Scapula. There considerable variation the character the shoulder-blade, which 
much broader some skeletons than others. the species which Marsh named 
Allops crassicornis the scapula high and comparatively narrow rectangle; the coraco- 
scapular notch unusually well defined and the neck relatively narrow. Much more 
common the roughly triangular shape, which produced the great extension the 
suprascapular border and the postspinous fossa. The principal variations the outline 
the blade are shown Osborn’s Fig. 608 (Vol. typically, the spine has such 
eccentric position, that the postspinous fossa very much wider than the prespinous. 
The spine comparatively low and rises gradually the metacromion, which somewhat 
below the middle its course, thence dying away gradually upon the neck; nearly all 
perissodactyls, there acromion. Osborn’s comparative figure shows, there much 
variation the development the metacromion; the Yale skeleton Brontops robustus, 
the process very large and conspicuous, rugose triangle, while the American Museum 
skeleton, supposed female the same species, the metacromion not half large, 
though similar shape. the British Museum specimen, named Allops crassicornis 
(Osborn, Fig. 608C and 612G), the metacromion hardly more than indicated. 

Like the metacromion, the coracoid subject much variation, though would seem 
never large; most distinctly marked the New York skeleton Brontops robustus. 

Pelvis. The hind extremity the White River brontotheres, the pelvic girdle included, 
has much more Proboscidean character and appearance than has the fore-limb, scapula 
included. Curiously enough, this statement holds good also the Eocene Dinocerata, 
animals which display many elephantine resemblances, that Cope, one time, actually 
referred them the Proboscidea, though afterwards recognizing that they belonged 
remote and altogether extinct phylum. The three groups present especially interesting 
example convergence, for enough known regarding the phylogenetic history each, 
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warrant the statement, that the likenesses cannot explained being due com- 
munity descent; the similarities must have been independently acquired. 

the Yale skeleton Osborn writes: ‘‘The pelvis decidedly broad, the entire width 
across the ilia being 1,220 millimeters (estimated), compared with 908, the length the 
left innominate bone (ilium ischium). The pelvic outlet measures 373 millimeters 
vertically (pubic symphysis sacrum) and 350 transversely. The pubo-ischiadic sym- 
physis measures 367 millimeters longitudinally. The extreme breadth the iliac plates 
407 (Osborn, op. cit., Vol. 668.) 

fourth parallel the development the ilia afforded the great ground-sloths, 
such Megatherium and Mylodon, the Pleistocene, the history which known from 
the Miocene onward. the Miocene the iliac plates are narrow, but the Pleistocene 
they are greatly expanded and everted, support the immense mass viscera. 
More widely separated mammals than the proboscideans and perissodactyls, the one 
hand, and xenarthrous edentates, the other, would difficult find. 


Fore Foor 


The fore-limb bones are very massive and subelephantine, rhinocerotic, propor- 
tions, though relatively much shorter than the Proboscidea generally, and the leg bent 
the elbow, not straight, isin the elephants. All the long bones both fore and hind 
limbs have their marrow-cavities more less completely filled with cancellous tissue, though 
sometimes much reduced cavity persists; this increases the strength the bone without 
enlarging its diameter. The filling the medullary cavities the long bones always 
associated with great increase bodily weight and stature, and arose independently 
the same three groups ungulates display the everted and greatly expanded ilia. 

The humerus short and extremely massive and is, thus, very differently proportioned 
from that the elephants, which notably elongate; the head sessile, comparatively 
small and but moderately convex; the external tuberosity immensely developed high, 
compressed and rugose plate, which rises far above the head and almost entirely conceals 
when seen from the outer side. The internal tuberosity, the other hand, much 
reduced and the bicipital groove correspondingly shallow. The proximal portion the 
shaft extremely heavy, both transversely and antero-posteriorly; the latter diameter 
diminishes rapidly downward, while the great development the deltoid ridge and hook 
maintains the transverse breadth for nearly two-thirds the shaft-length. For short 
distance, the shaft trihedral and comparatively narrow, but again greatly widened 
the immense supinator ridge. The whole width the distal trochlea the 
radius, the humeral surfaces for the ulna being entirely posterior. the trochlea there are 
two surfaces for the radius, which the internal one extended proximally very con- 
spicuous way. The anconeal fossa much extended proximo-distally, but rather narrow 
and shallow. 

The muscles formerly attached the humerus have been very fully restored Pro- 
fessor and his figures show the immensely massive and powerful character the 
fore leg. 

The bones the fore arm are complete and separate and very heavy, only less massive 
than the humerus, which they about equal length. The radius comparatively slender. 


K.; Osborn, op. cit., Vol. II, 715, Plate XLIV. 
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describing this bone Marsh’s type-skeleton Brontops robustus, Osborn says: Measur- 
ing 495 mm. length, ‘‘it exhibits transverse diameter 170 millimeters for the humeral 
facets and 118 for the and lunar. The rugose insertion the brachialis anticus 
muscle placed about the middle the shaft. The shaft well rounded midsection, 
the transverse diameter being (Op. cit., 668.) this may added 
that the head the radius broad transversely and antero-posteriorly compressed, and 
covers the entire width the humeral trochlea; the articular surface continuous, but 
plainly divided into three parts, broader internal, narrower and deeper external and, be- 
tween the two, uncommonly high and prominent intercondylar ridge. The shaft con- 
tracts rapidly below the head and then broadens very gradually the distal expansion, 
which bears the carpal facets; the surfaces for and lunar are continuous, without 
demarcation, but the facet descends steeply toward the inner side. Seen from the 
palmar side, the radius has quite the aspect tibia, likeness which due the conforma- 
tion the proximal end. 

The medullary cavity cross-section area which the trabeculae 
are not densely packed. 

The ulna less reduced and heavier than the radius; the proximal portion especially 
massive; except for the posterior border, which made strongly concave the very promi- 
nent olecranon, the bone nearly straight. The olecranon does not rise very high above 
the elbow joint, but projects very far backward, making the whole proximal end extremely 
thick antero-posteriorly. The free end the olecranon very heavy and rugose and 
deeply divided the tendinal sulcus, fairly called bifid. The sigmoid notch 
shallow and forms hardly more than third circle, being truncated distally the 
radius, which covers the whole breadth the humerus means two shallow concavities. 
Distal the humeral surface triangular concavity, with apex downward, the surface 
which very rugose and forms firm joint with the radius. The posterior border the 
shaft, below the proximal expansion, slightly concave and the antero-posterior thickness 
diminishes little distally, but the transverse width nearly uniform. Thus, the shaft 
heavy, much that the radius, and cannot called reduced. The two forearm 
bones are close contact for their whole length, and form radio-cubital arcade. 

Manus. The forefoot great interest, illustrating the mode ungulate de- 
velopment which conditioned largely increased stature, bulk and body-weight. The 
effect these enlarged dimensions clearly seen, when the manus one the huge 
Oligocene brontotheres compared with that middle Eocene genus the family, such 
Palaeosyops, Telmatherium, animals which about equalled tapir size. Whether 
directly indirectly, the greatly increased weight has brought about change the di- 
rection development, putting stop digital reduction and altering the symmetry the 
digits from mesaxonic paraxonic, even isodactyl. Had this manus been found alone, 
without associated skeleton, skull, the palaeontologist might hesitate, whether refer 
the Artiodactyla the Proboscidea. 

The carpus very short proximo-distally and very wide transversely and its elements 
are massive, block-like character. The scaphoid decidedly smaller than the lunar, but 
larger than the pyramidal; proportions, short, broad and palmo-dorsally thick, the 
latter being much the greatest dimension the three; the proximo-distal length more than 
twice great the ulnar the radial side, because the excavation for the trapezoid 
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and the downward extension the radius the inner side. The proximal end the 
scaphoid covered the convex surface for the radius and the distal end taken 
two facets, for the trapezoid and magnum respectively, the former which broader and 
more concave. There surface for trapezium. 

The lunar the largest bone the proximal row and relatively very wide and short; 
has strongly convex proximal surface for the radius, extensive lateral facets for the 
scaphoid and pyramidal and, distally, rests narrow surface upon the magnum and, 
very much larger one, upon the unciform; the dorsal side, the maximum proximo- 
distal measurement the junction the two facets. 


N 


Fig. 154. robustus, Type: Left manus, dorsal side: Peabody Mus., Yale. 
(From Osborn, after Marsh.) 


The pyramidal smaller than the scaphoid and, though nearly equal width, 
much shorter proximo-distally and its alternative name, cuneiform, very apt this 
instance, description its shape, which, when viewed from the dorsal side, wedge- 
like; the proximo-distal diameter greatest the radial side and the proximal end curves 
down blunt edge the ulnar. The shape, however, subject much variation. 
The facet for the pisiform large, especially breadth; distally, the only articulation 
with the unciform. 

The pisiform long, narrow, compressed and strongly curved; the proximal end 
much broadened and club-like and bears larger facet for the ulna and smaller one for the 
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pyramidal; the neck much constricted, the free portion the bone laterally compressed 
and the distal end again expanded, but direction right angles with the proximal 
broadening. 

Marsh’s figure the manus Brontops robustus, published shows very 
puzzling feature, which not repeated the drawing the skeleton the same species 
(Pl. CCXXIX). the dorsal view represented scale-like bone, marked ps., which, 
the plate-explanation declares, means pisiform, which cannot possibly be. The bone 
question applied the ulnar side the unciform, with which appears have 
extensive articulation; proximally, articulates with the pyramidal very small surface 
and, distally, with the ulnar side metacarpal the plate the skeleton the pisiform 

properly shown, articulating with ulna and unciform. (See text Fig. 

The trapezium has not been reported and, there facet for the scaphoid, 
the trapezoid, there reason assume its presence. 

The trapezoid the smallest the carpals; proportionally, low and wide and rather 
thick palmo-dorsally; proximally, received into the cavity the scaphoid, above 
described, and distally, rests upon the second metacarpal; the only other facet that 
the ulnar side for the magnum. 

The magnum relatively large, especially width, but, when the carpals are placed 
their natural positions and viewed from the front, the proximo-distal diameter appears 
small. The palmar portion, however, which forms the characteristic the mag- 
num, rises high behind the scaphoid and lunar, which conceal front view; the facets for 
these two carpals are concave and meet prominent ridge; the surface for the scaphoid 
the wider the two. The palmar projection, hook, long and heavy and projects 
-downward and backward. the magnum has very large, saddle-shaped surface 
for the median metacarpal, me. III, and, the radial side, much smaller one for the 
overlapping process me. II. 

The unciform is, usual, the largest bone the carpus and broad and low its 
proportions; its surface very complex and articulates with five carpals and metacarpals, 
the same number the magnum. Proximally, there are the facets for the lunar and 
pyramidal, the former much the more oblique, distally, the articulations are with the three 
outer metacarpals, me.III, IV, The facet for small and oblique and placed 
the disto-radial angle; that for large, nearly plane and entirely distal, while that 
for smaller and saddle-shaped, curving around the ulnar side. 

The metacarpus consists four members, all fully functional and subequal size, 
though decidedly smaller than the others; the lengths, millimeters, the meta- 


though superficial likeness that hippopotamus. The metacarpals are short 
proportion the long bones the fore leg. 

The second metacarpal strong and heavy; the proximal portion may fairly called 
massive, because its breadth and palmo-dorsal thickness. The facet for the trapezoid 


Osborn, F., op. cit., Vol. II, Plate Fig. 


carpals the Yale Museum type Brontops robustus are follows: 220; 
225; 210; 180. The third and fourth metacarpals form nearly symmetrical 
pair, the second and fifth another, but less symmetrical pair, and, though the paraxonic 
symmetry incomplete, the mesaxonic masked that the manus has remarkable, 
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large and there short, massive process, which extends over the head and abuts 
against the magnum, giving considerable additional breadth Beneath this process 
the shaft abruptly narrows and remains almost uniform width throughout, there being 
distal widening. thickness, however, the shaft diminishes downward for about one- 
third its length and, below that point, the thickness remains nearly constant the distal 
enlargement for the trochlea. the whole, the shaft broad and stout. The distal 
trochlea, for the first phalanx, low and assymmetrical and thick palmo-dorsally the carina 
very little developed and visible only from behind below; each side the keel 
there shallow concavity. The processes for the attachment the lateral ligaments are 
inconspicuous. 

Metacarpal IIT exceeds the others length and width, though not very much, and 
about equals them thickness; the proximal end little wider than the shaft and has long 
process, which extends articulate with the unciform. The shaft widens gradually down- 
ward and becomes very broad above the distal trochlea, where the rugose prominences for the 
attachment the lateral ligaments are much better developed The trochlea 
and carina are about the latter, except that the former symmetrical. Altogether, 
the distal end distinctly remnant the original mesaxonic symmetry. 

Metacarpal resembles but somewhat more slender and little shorter, 
more nearly equalling me.II length; differs from the shape the proximal 
end, which articulates only with the unciform, the concavity the ulnar border and 
the absence process for the internal lateral the external process prominent 
and the trochlea nearly symmetrical. 

Metacarpal differs from all the others shape and being the shortest and most 
slender the series, yet the difference not enough overcome the hippopotamus-like 
expression The facet for the unciform narrow and transversely concave and 
that for small and oblique and almost completely divided into two parts 
median The proximal third the shaft relatively broad and thick, then abruptly 
contracts, from which point enlarges very gradually downward, abruptly expanding again 
near the distalend. The carina inconspicuous and, despite the position the bone the 
foot, the trochlea symmetrical. 

usual, among the many specimens the fore foot which are the various collec- 
tions, find that the four metacarpals have spreading arrangement, diverging distally, 
and with the lateral digits, me.II and presenting toward the radial and ulnar sides re- 
spectively. Like all other structural features, this spreading arrangement and the artio- 
dactyl-like proportions the metacarpus are subject great variation, whether generic, 
specific, individual. The manus referred Menodus giganteus and figured 
has very different appearance and expression from the usual type seen the published 
figures Brontotherium, Brontops, though all the elements are more less similar. 
Osborn says this foot: ‘‘The manus the high, narrow type seen Menodus. The 
phalanges are bent back the rock lie against the back the hand. the figure 
they are represented little too small and appear taper too 

The figure shows sign crushing, distortion, and yet the parallel arrangement 
the metacarpals may due lateral compression, insufficient cause distortion, for 

Osborn, F., op. cit., Vol. Fig. 619, 687. 

F., op. cit., Vol. 689. 
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characteristic feature this manus the lack divergence among the metacarpals. 
Another feature the almost completely paraxonic symmetry the metacarpals; 
and make nearly equal pair, the same length, and the axis the foot passes between 
them; me.II and form another pair and the whole foot more like that hippopotamus 
than perissodactyl. course, this paraxonic symmetry has been secondarily acquired, 
shown the phylogenetic history the the middle Eocene, the brontotheres 
have tetradactyl manus, which much like that tapir, the plane symmetry bisect- 
ing the third digit. the immensely larger and heavier brontotheres the White River 
the manus has become almost isodactyl the symmetry paraxonic. 

Phalanges. These bones are remarkably short, relatively even shorter than modern 
rhinoceroses; they are also comparatively narrow and slender, narrower fact than the 
metacarpals, that the digits, below the latter, seem weaker than rhinoceroses and 
tapirs. The phalanges are all different, two exactly alike, but the differences between the 
corresponding parts each digit are comparatively small and trivial, for they display the 
isodactyl symmetry which suggested the metacarpals. each digit the proximal 
phalanx nearly the same length and width, though that digit slightly broader 
and that digit somewhat narrower than the other digits; each the toes the 
first phalanx short and narrow, but thick palmo-dorsally; the distal articular surface 
obscurely divided into two condyles and the bone sharply constricted about the middle 
its length. The second phalanx much shorter than the first and somewhat narrower, but 
otherwise similar shape. 

The unguals are very variable size and cannot have supported real hoofs, but rather 
nails, modern rhinoceroses and elephants. These phalanges are small, especially 
proximo-distally, and have lateral processes such are conspicuous tapirs and 
rhinoceroses and may fairly called vestigial. Two skeletons the Yale and American 
Museums, respectively, are both referred the same species, Brontops robustus, and that 
New Haven the type-specimen, but the ungual phalanges are very different the two. 
Speaking the New York skeleton, Osborn says that the unguals are “‘highly distinctive, 
being double the size those Menodus and much larger than those ‘the same species 
the Yale Museum;’ they are rugose and expand distally, expecially somewhat 
the rhinoceros. The terminal phalanx D.3 measures millimeters 
(Op. cit., pp. 674-5.) 

the manus which has been referred Menodus giganteus and which the metacar- 
pals are described above, the remarkably small size the phalanges and especially the 
unguals, striking difference from all other members the family, which the forefoot 
has been figured. The ungual phalanges have been reduced that they are hardly more 
than nodules and the digits, distally the metacarpals, are exceedingly small and taper 
rapidly the hoofs. Osborn warns us, true, that these features are exaggerated the 
figure, which was Berger under the direction but, even allowing 
for inexactitude the drawing, obvious that these phalanges differ from those any 
other member the group. Were the White River brontotheres less phenomenally variable 
than they are, one would hesitate refer this manus genus and species different 
from the more familiar type. 
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Lims Foor 


The femur the longest the limb-bones and the most elephantine appearance, 
also true, even more exactly, the femur the Bridger dinocerate, Uintatherium. 
both these genera the thigh-bone elongate that, the living animal, the knee-joint 
must have been low free from the flank, the Proboscidea, which results 
the grotesque appearance the leg’s flexing the wrong direction. this bone the 
type-skeleton Osborn says: ‘‘The femur measures 820 millimeters and the tibia 465. The 
shaft the femur somewhat crushed proximally, the great trochanter extends far (395 
mm.) down the outer side, the width across the condyles distally 187, the patellar trochlea 
distinguished the prominence inner facet and the downward and forward 
projection the trochlea. the distal view are struck the great disproportion 
between the greatly enlarged inner condyle and the much reduced external condyle.” 
(Pp. 618-619.) 

the Amherst College skeleton, which Lull named Diploclonus tyleri, the femur ‘‘is 
fine bone, notable for its extreme flatness, which indicates the pillar-like posture the 
bone, the elephant, the shaft would not have been sufficiently rigid withstand 
springing, had the thigh been (Osborn, op. cit., 667.) 

the White River brontotheres the femur, while substantially constant, yet subject 
great variation minor details, like all the rest the skeleton. How far these differences 
are specific generic significance, not yet possible say, for the number complete 
skeletons far collected too small make sure the association characters, even 
determine whether there any such constant association. Speaking the smaller 
White River entelodonts, Sinclair wrote: the presence this melange characters 
quite unable separate species the basis constant association constant 
This applies most accurately the White River brontotheres, and both groups 
probable that these innumerable small differences are regarded mere individual 
fluctuations taxonomic significance. 

this femur the large, smooth head hemispherical and nearly sessile, but projects 
prominently inward; the pit for the round ligament, which, elephants and uintatheres, 
vestigial absent, long, deep and narrow groove, which confined the posterior 
aspect the head and invisible from the front. The great trochanter remarkably small 
and hardly projects above the level the head, but the narrow digital fossa much pro- 
longed proximo-distally. The second and third trochanters are vestigial absent, though, 
usually, there considerable remnant the third, sessile rugosity. Professor 
Marsh considered the complete this process one the characteristics 
Leidy’s genus Megacerops. When present, both second and third trochanters have very 
low position the shaft, especially the second. remnant the intertrochanteric ridge 
sometimes visible, but never conspicuous. 

One the most striking differences between this femur and that elephant 
the shape the proximal end; the Proboscidea the upper end very broad, widening 
upward from the shaft; the great trochanter large and massive, wide, though not high, 
and the sigmoid notch very broad and shallow. the White River brontotheres the 
proximal end relatively much narrower, contracting steadily upward from the third 
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trochanter. The shaft broad, antero-posteriorly compressed and flattened and very 
elephant-like shape, except for the narrowed proximal end. The outer border slopes 
obliquely from the greater the third trochanter, below which concave curve down 
the external condyle. The inner border gently concave curve for its whole length, 
interrupted only the vestigial second trochanter. most the other long bones, 
the medullary cavity filled with cancellous bone. 

the type-skeleton Brontops robustus, ‘‘the patella measures 165 milli- 
meters vertically, 105 transversely, 100 antero-posteriorly; very stoutly 
(Osborn, op. cit., 669.) This patella massive, relatively long and narrow and thick, 
the antero-posterior and transverse diameters being nearly equal, but part the length 
due bluntly pointed distal process, triangular shape. the posterior side, the 
articular surface for the rotular groove the femur continuous, but consists three 
parts, internal and external concavities and median ridge. 


The bones the lower leg are relatively short and massive, but are rather less elephant- 


like than are the pelvis and femur. 

Tibia. ‘‘The proximal face the tibia exhibits elongate internal facet for the 
inner condyle the femur and shorter external facet for the outer condyle. The facets 
converging into the wide and distinctly paired intercondylar spines,—that the internal 
and external facets—are entirely separated; the cnemial crest obtusely rugose. The 
shaft trihedral mid-section, the transverse diameter being millimeters and the antero- 
posterior diameter the same. Distally there shallow trochlea for the 
(Osborn, op. cit., 669.) 

The massive tibia has very broad and thick proximal end, both dimensions being 
more than twice great the corresponding measurements the mid-shaft; the surfaces 
for the femoral condyles differ much size and shape, that for the internal condyle being 
more extended antero-posteriorly. The bifid spine very low and inconspicuous and its 
two parts are well separated; the cnemial crest very massive and rugose, but short 
proximo-distally and there distinct sulcus for the tendon the extensor longus digi- 
torum muscle. The heavy, trihedral shaft contracts rapidly the mid-section, whence 
widens much and thickens somewhat the distal end. Unlike the femur, the tibial shaft 
retains distinctly demarcated marrow cavity, which more definite than that the 
radius, but the cavity invaded scattered trabeculae. The distal end the tibia has 
rectangular outline, with shallow concavities for the astragalus and very low inter- 
condylar ridge, which forms tongue the dorsal border. There distinct internal 
malleolus, which even more completely reduced than the elephants. 

Fibula. fibula, articulating flat proximal extremity the outer face the 
tibia, extends into rounded subtrihedral shaft form the external malleolus with 
facets for the tibia, astragalus and (Osborn, op. cit., 669.) 

While very much more slender than the tibia, the fibula can hardly called reduced, 
stout and sturdy bone; the proximal end slightly enlarged and bears oblique 
facet for the tibia. side-view the shaft appears quite straight, but, seen from 
before behind, displays very gentle, sigmoid curvature, look somewhat like 
clavicle; enlarges regularly downward, except near the distal end, where increases 
abruptly width and thickness and forms heavy external malleolus. The articulation 
with the caleaneum, though very limited, extremely unusual perissodactyl. 
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Pes. ‘‘The maximum width the and caleaneum combined 144 milli- 
meters, the depth from the top the astragalus the extremity Mts. III, 320, the 
extremity the phalanx D.3 420 (estimated). The distinguished 
moderate length (230 mm.), marked width (85 mm.) the shaft the tuber calcis, the long 
axis which obliquely transverse. The anterior, astragalar face exhibits tibial, fibular 
(32 mm.) ectal (78 mm.) sustentacular (55 mm.) and inferior mm.) facets, the last being 


Fig. 155. robustus, Type: Left pes, dorsal side: Peabody Mus., Yale. (From Osborn.) 


strikingly reduced; distally the cuboidal facet divided into two parts, larger anterior 
and very much smaller posterior; also shows the ectal and sustentacular calcaneal facets. 
The astragalus distinguished the small astragalo-calcaneal inferior facet, the very 
broad (44 mm.) cuboidal facet, the moderate elongation the neck, the total width the 
proximal trochlea 112 millimeters. The cuboid distinguished especially its broad 
abutment for Mts. III; superiorly the facet double and somewhat 
narrower than the cuboido-astragalar facet; unites with the ectocuneiform two separate 
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facets, its maximum vertical depth millimeters. The navicular shallow 
(35 mm.) presenting inferiorly broader (42 mm.) ectocuneiform and narrower (30 mm.) 
mesocuneiform facet: The distinctive feature the ectocuneiform its anterior depth 
and double, internal lateral abutment facets for Mts. the mesocuneiform consequently 
shallower vertically (20 mm.), measuring superiorly millimeters (tr.) (ap.). Mts. 
measuring vertically 180 millimeters, abuts laterally above, against the ectocuneiform, 
primitive feature; the shaft with sharply convex ridge front deeply concave behind, 
Mts. III measuring 208 millimeters vertically, distinguished its moderately broad 
(42 mm.) ectocuneiform facet, and unusually broad cuboidal (35 mm.) facet; the shaft 
broadly convex anteriorly and hollow posteriorly. Mts. IV, measuring 170 millimeters 
vertically, exhibits shaft subrectangular section, superiorly flattened and rounded its 
middle portion with rugose line for muscular attachment, extending obliquely downward 
and inward across the anterior face; the distal face exhibits the large share taken the 
sesamoids and the limited share taken the (Osborn, cit., 669.) 

The hind foot conspicuously smaller than the fore foot every dimension and, 
symmetry, conspicuously perissodactyl. The tarsus very short proximo- 
distally and relatively broad transversely; except the astragalus and calcaneum, the indi- 
vidual tarsals are very small proportion the size the metatarsals, though these, too, 
are reduced comparison with the limb-bones. The astragalus short and broad and 
has general resemblance that rhinoceros, resemblance which chiefly due the 
large size the cuboid articulation; the trochlea, which very short proximo-distally, has 
but shallow median groove, which, however, distinctly divides the trochlea into smaller 
and more globular internal, and much wider and less convex external condyles. The 
extreme proximo-distal shortness the astragalar trochlea makes the neck seem elongate, 
though, actually, very short; the distal end are two facets, for the navicular and 
cuboid respectively, which, dorsal view, seem nearly equal width, but, actually, 
the navicular surface considerably wider, which respect, this astragalus agrees with 
that the modern rhinoceroses and differs from the other perissodactyl families, such 
the tapirs and the horses. most perissodactyls the contact the astragalus with the 
cuboid very limited one, was also the relatively small brontotheres the 
With the great increase bulk and weight the White River members the family, the 
astragalus extended over the cuboid, distribute the body-weight more equally 
through the tarsals the metatarsals. the plantar side the astragalus has large, 
concavo-convex outer surface for the caleaneum and remarkably small facet for the 
sustentaculum, which borne upon very prominent projection from the plantar side. 

The calcaneum large and massive bone, with surprisingly small facets for adjoining 
tarsals; the tuber calcis very broad and massive, planto-dorsally depressed, with club-like 
and very rugose proximal end. The distal widening broader than the proximal club and 
has internal and external expansions, the latter carrying the comparatively large ectal facet 
for the astragalus. The sustentaculum small and its astragalar facet remarkably small 
proportion the size the bone; concave and narrows distally almost point and 
broadly separated from the ectal facet; third facet for the astragalus narrow band 
the distal border, well separated from the ectal astragalar facet, with which line. 
the fibular side the ectal astragalar facet, small, but perfectly distinct surface 
for the fibula, most exceptional articulation among perissodactyls and another approxi- 
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mation the artiodactyls. The cuboid surfaces are likewise uncommonly small, especially 
the internal one, which hardly more than one-quarter large the external one, with 
which juxtaposition, but not continuous. Because their small size, these articular 
surfaces leave much the caleaneum unoccupied and curious, rugose and massive roll 
bone forms the tibial and plantar borders; seen from the fibular side, this roll forms rough 
projection. 

Aside from the articular surfaces, which are very unusual, the most peculiar feature 
this caleaneum the marked dorso-plantar depression the tuber calcis, that its width 
much exceeds its thickness, resemblance the contemporary amphibious rhinoceros, 
Metamynodon, and conspicuous difference from the usual perissodactyl form, displayed 
the ordinary horses, tapirs and rhinoceroses, all which the principal diameter the 
tuber calcis directed planto-dorsally. 

The navicular remarkably short proximo-distally, that hardly more than 
bony plate, which has slightly concave proximal face for the astragalus and, the distal 
side, surfaces for the meso- and ecto-cuneiforms; the dorsal border, proximally and distally, 
curve. shape, the navicular triangular, with curved hypothenuse and the 
angle the plantar border. 

has been found and facet for has been observed the navicular, 
other tarsal; doubt, had been suppressed. 

The mesocuneiform plate-like, extremely short proximo-distally, with principal 
diameter directed transversely; shape, the bone irregularly oval, without plantar pro- 
longation; the proximal face concave for the navicular and, distally, there somewhat 
saddle-shaped facet for the second metatarsal. 

The narrower the exposed, dorsal face than the mesocuneiform, 
but all the other dimensions, especially the dorso-plantar diameter, are greater, for this 
bone has relatively great plantar extension, cover the head the median 
this extension much narrower than the dorsal portion the bone and, the distal side, 
the whole surface taken the facet for mt. III, that for mt. being obliquely lateral, 
and there plantar extension the bone behind the facet, such seen the 
cuboid. 

The cuboid much larger than any other tarsal except the astragalus and 
and shaped much like the ectocuneiform. Proximo-distally, the bone very short and 
the width nearly twice that dimension; while shaped like the ectocuneiform, the cuboid 
much the larger the two; broad the dorsal side, narrowing the plantar face, 
which has long, heavy and rugose projection, hook, extending obliquely downward. 
The proximal end the cuboid subequally divided between the facets for the caleaneum 
and astragalus, the latter somewhat more concave and uninterrupted, the former divided 
into two parts, large dorsal and very small plantar portion. The distal facets for the 
metatarsals are almost equal breadth and meet obtuse angle, the junction forming 
the maximum proximo-distal length the cuboid. the tibial side considerable 
facet for the ectocuneiform, which confined the dorsal portion the bone. 

Metatarsus. The metatarsals are three number, all known perissodactyls, 
with the partial exception the horses, and are strictly mesaxonic arrangement, display- 
ing tendency the paraxonic, almost isodactyl, symmetry the manus. The bones 
are proportionally short and massive, very large ungulates generally, but they are 
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relatively less than the Proboscidea. The metatarsals are arranged divergently, being 
farthest apart above the distal ends where the increased breadth the ends approximates 
them. 

The second metatarsal asymmetrical; the proximal end wider than the shaft and 
articulates relatively broad, saddle-shaped surface with the mesocuneiform, while 
narrow, facet abuts against the ectocuneiform; the shaft short and relatively 
slender and the broad, distal expansion nearly all toward the fibular side. The trochlea 
very low and simple, even lower than that the corresponding metacarpal. 

The third metatarsal almost perfectly symmetrical and the median line bisects 
into two halves which, except the proximal end, are exactly alike; the proximal end 
almost equally divided into two facets for the ectocuneiform and the cuboid respectively, 
the cuboid resting upon the head the metatarsal much the same way the ectocunei- 
form does, arrangement which obvious adaptation the great increase weight. 
Usually, among the ungulates, the contact between mt. III and the cuboid very limited 
and obliquely lateral position, but the articulations displayed Brontops and other 
White River genera this family obviously form much more efficient method distributing 
the weight. The shaft widens slightly toward the distal expansion, which very broad 
and has prominent points for the attachment the lateral ligaments; the trochlea much 
narrower than this expansion and somewhat higher than that mt. 

The fourth metatarsal like mt. length, but shaped somewhat differently; the 
proximal end little broader than the shaft, but much thicker planto-dorsally, also 
the distal end, which but little broadened. difference from the other metatarsals 
seen the trochlea, the articular surface being carried much farther upon the 
dorsal face; side-view this surface seen about equal extent dorsal and plantar 
sides; the carina very low and inconspicuous. 

The phalanges differ but slightly from those the fore foot, though the unguals are 
somewhat larger and less reduced. 


SECONDARY SEX DIFFERENCES 


generally taken for granted that skulls with small horns belonged females, but 
there are difficulties this assumption. The skeleton Brontops robustus the American 
Museum believed female because its reduced horns and yet that skeleton has the 
fractured and unhealed rib, with large exostoses, which can only have been the result 
fighting and that would seem indicate the male. There room for doubt that skull 
and skeleton were derived from the same individual and while the signs fighting 
not prove that the specimen cannot been female, they render the determination 
questionable. 

Again, the famous group male and female Brontotherium, mounted the Colorado 
Museum Natural History Denver, the supposed female skeleton very much smaller 
than the skeleton believed male, yet the horns are relatively large and almost 
exactly the same shape. Evidently, then, the size and shape the horns are not al- 
ways indicative sex, and, doubt, they are frequently merely indications individual 
fluctuations. has often been said, quite impossible that many species are 
apparently indicated should have co-existed the Great Plains region White River 
times, and variation must have been manifested extraordinary degree. 
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Very generally, the zygomatic arch, and especially the jugal element, are indicative 
sex and age. the female and the juvenile skull, the arch comparatively thin and 
smooth and has very much the appearance these bones modern rhinoceros, but with 
the advance age they become much thicker and rougher, until, the skulls which are 
regarded belonging old males, they attain such degree massiveness and rugosity, 
positively grotesque. Such skull that which Cope figured under the name 
Symborodon bucco, unrivaled among mammals the development the jugal and zygo- 
process the squamosal. 

short, like everything else which involved the classification and subdivision 
the brontotheres, the secondary sex-characters are difficult evaluate, and are seemingly 


Brontops Menodus Bronto- 


robustus, tyleri, marshii, therium 
Yale Mus.| |Field Mus.| Munich U.S. 
No. No. 327 6600 Mus. Nat. 
Skull, length prmx. 765 768 655 700 770 
Skull, breadth across zygom................. 667 465 
Second dorsal, height 580 
fr. 615 425 557 
170 
220 144 214 
225 250 155 233 187 
Metacarpal max. width................ 
Metacarpal IV, max. width................. 
830 
Astragalus, length (fib. 
180 
Metatarsal IV, width near 


Diploclonus amplus, Skull, length zygom. breadth 468-615. 
Diploclonus tyleri, Skull, length 710: zygom. breadth 608. 

Menodus giganteus, Skull, length 

Menodus trigonoceras, Skull, length 

Brontotherium platyceras, Skull, length 880. 

Brontotherium gigas, Skull, length 830. 
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full contradictions. Notwithstanding the great number skulls which have been col- 
lected the various museums, are still the dark the significance many 
structural features. 

The tables measurements page 904 are from Osborn’s monograph. 


CLASSIFICATION THE OLIGOCENE BRONTOTHERES 


his monograph the Brontotheriidae, for which retains the vernacular name 
Titanotheres, Osborn recognized seven genera the White River fauna, follows: 


Teleodus Marsh, with species; 
Brontops Marsh, with species; 
Diploclonus Marsh, with species; 
Menodus Pomel, with species; 
Allops Marsh, with species; 
Megacerops Leidy, with species; 
Marsh, with species. 


course, Osborn never supposed that species the same family could possibly 
have co-existed the same time and within the same narrowly limited region. the 
contrary, believed that these many species and genera were successive, not contem- 
poraneous, and that stratigraphic succession had been established. Further investigation 
has shown that, aside from Teleodus, the supposed succession largely illusory and that 
almost any type skull may occur any level the Beds,” Chadron 
stage the White River formation. Teleodus rare straggler from the more ancient 
Duchesne River beds, which relatively common. Whatever solution the taxo- 
nomic problem may eventually reached, there are two remarkable and seemingly in- 
explicable features the later history the Brontotheriidae. (1) The total and apparently 
sudden disappearance the entire family from North America, though persisted till 
somewhat later date Asia. There are several mammalian families and even genera that 
passed from the Chadron into the lower Brulé without any great change, fact which seems 
show that there was long hiatus between the two formations; the Chadron itself thin 
(150-300 feet) and cannot represent prolonged lapse time. Everything goes show 
that, unlike the great post-Pleistocene extinctions, the post-Chadron extermination the 
brontotheres was complete and relatively sudden. remnant any member 
the family has ever been found the succeeding Brulé substage the White River. 

would greatly assist the interpretation the White River brontotheres, had 
wider and more exact knowledge concerning the origin and geographical relations that 
incredible multitude varying forms and could assured the time and place their 
origin. After having been the dominant mammalian group the middle Eocene (Bridger 
stage) numbers and diversification, they were greatly diminished the Uinta stage 
the upper Eocene, which has yielded but single genus, or, most, two genera the sub- 
family. Judging from appearances, this remarkable change, but, view the no- 
torious ‘‘imperfection the geological record,” impossible decide how far the ap- 
parent change deceptive. 

the succeeding stage, the Duchesne River, lowest Oligocene, fossils are ex- 
tremely rare, that conclusions can safely drawn from their relative numbers. con- 
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siderable number specimens has been collected, all which belong the single genus 
Teleodus. From the Duchesne River the Chadron substage the White River, there 
the most astonishing change, from single genus and species forms which have 
been thought worthy distinctive names. 

How this veritable revolution interpreted? Several alternative solutions the 
problem suggest themselves. (1) The White River and may all have 
been indigenous origin, and principally derived from much more numerous and diversified 
ancestors than have yet been found. (2) They may have been largely descended 
from immigrants which entered North America from north-Eastern Asia, where the family 
known have been thriving condition. (3) Both these explanations may true 
and the extraordinary, fluctuating variability the Chadron brontotheres may have been 
result hybridizing between the two stocks, native and immigrant. All things considered, 
the third alternative seems the least unlikely, though all possible solutions have 
their difficulties. 

Professor Gregory, who, for many years collaborated with Professor Osborn 
the preparation the monograph the brontothere family, has kindly sent the follow- 
ing synopsis the genera which thinks should recognized: 

Menodus Pomel. Menodus, determined Osborn Titanotherium Leidy) 
the skull long and relatively narrow, the ‘horns’ triangular cross-section, 
with recurved, more less tapering tips; nasals long, broad and more less squared distally, 
with nearly parallel sides; superior profile skull concave with little antero-posterior 
convexity the parietal vertex; buccal expansions the zygomata slight, moderate, 
even supposed males. Incisors, present, small and vestigial; upper canines males 
large, with tapering, recurved, not bulbous crowns; cheek-teeth with prominent and com- 
plete external cingula; upper premolars with strong internal cingula; with well 
developed tetartocones usually connected narrow isthmus with the deuterocones; 
central fossae upper premolars large and deep; upper molars large, relatively narrow 
transversely and elongate antero-posteriorly. Lower jaw with relatively deep ramus 
and symphysis; lower cheek-teeth relatively hypsodont, with strong, continuous external 
cingula. 

good structural series leads from the very small heloceras ingens. 

Brontops, represented robustus Marsh. Skull short and broad; horns thick, 
rounded, flattened cross-section only the extreme stage (B. robustus) the others the 
basal section obliquely rounded rounded triangular. Nasals becoming broad, rounded, 
not squared (narrow the small forms) superior profile skull zygomata progres- 
sively expanded large males; incisors with small, rounded crowns, canines robust, obtuse, 
recurved, but not extremely bulbous; cheek-teeth with external cingula less prominent and 
distinct than Menodus; tetartocones premolars typically smaller and less well developed 
than Menodus closely connected with deuterocones; central fossae upper premolars 
not large and prominent Menodus; upper molars large, often broader and less elon- 
gate antero-posteriorly; lower jaw usually not deep Menodus; symphysial region 
shallower, external cingula less sharply pronounced. 

species range from the very small brachycephalus, with total basal skull- 
length 590 610 mm., through transitional stages dispar and thence 
robustus, basal skull-length 743-813 mm. 
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Allops Marsh. This genus appears doubtful distinctness. The 


characters Allops are more less intermediate between typical Menodus and typical 


marshi extremely difficult separate from Brontops brachycephalus. 
Allops walcotti difficult separate from Menodus heloceras. 

Diploclonus Marsh. another somewhat doubtful genus. The skull the 
type amplus has the great breadth, characteristic Brontops, combined with sharply 
triangular basal horn-sections, recalling those Menodus. The presence accessory 
hornlets the main horns the referred species doubtful generic 

Diploclonus bicornutus Osborn the type narrow female skull which may, 
perhaps, belong Brontops dispar. The male paratype may near Brontops robustus.”’ 

Marsh. Skull-top adult males very long and with nearly 
parallel sides; zygomatic arches males becoming enormously expanded transversely; 
horns progressively shifting forward, rounded oval very broad and flat oval, usually with 
high connecting crest; free nasals progressively reduced length, finally almost absorbed 
the enormous horns; strong mid-parietal convexity. Upper incisors with thick, massively 
cingulate crowns; upper canines with short, stout, even bulbous crowns. Upper premolars 
wide, with very large circular tetartocones and massive, somewhat crenulate internal 
cingula and reduced external cingula; upper molars large and wide, with reduced cingula. 
Lower jaw typically with sloping chin; lower cheek-teeth with reduced external cingula. 

skulls show many intermediate stages between the small Brontotherium leidyi, 
with very small horns, through platyceras. The supposed female skulls have small 
horns, small canines, relatively small expansions the zygomata. 

Megacerops Leidy (‘Symborodon’ Cope partim). from 
the rounded basal horn-section and low connecting crest. The upper canines, even 
supposed males, are extremely small and bulbous, the opposite canines near together. 
Incisors supposed absent. 

that appear intermediate between Brontotherium and Megacerops are 
not wanting. They are exemplified the mounted skeleton hatcheri the 
National Museum, skull No. 3313 and, perhaps, the mounted skeletons Megacerops 
acer the Colorado Museum Natural History 

The definitions which Professor Gregory has kindly prepared for use seem 
constitute strong case for uniting all the White River brontotheres, aside from Teleodus, 
single genus. Osborn’s belief that the various species could arranged order 
stratigraphical succession has not been confirmed; any type skull may found any 
level from top bottom the beds, again with the exception Teleodus, which occurs 
only near the base. The whole group appears have been such state fluctuating 
variability, that lines demarcation are, toa large extent, obliterated. Nevertheless, there 
appear four centres variation, which Osborn applied the names, Menodus, 
Brontops, Megacerops and Brontotherium, and these terms will here accepted the less 
objectionable alternative upsetting and confusing the nomenclature made use the 
great monograph which owe Osborn’s Herculean labors. 

The confusion names rendered more troublesome the fact that all parts the 
skeleton are subject variation and not merely the skull and teeth. two other groups 
which are pre-eminently variable, the Proboscidea and the artiodactyl family the Mery- 
coidodontidae, the skeleton remains almost unchanged through long periods time, 
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while dentition and skull underwent radical modification. the brontotheres, the 
contrary, vertebrae, limbs and feet changed much did skull and teeth through the long 
time the Eocene and early Oligocene. Aside from this evolutionary development, which 
moved forward irreversible lines, phyla, there were the fluctuating contemporary 
variations the whole organism. not yet feasible associate the variations skull 
and teeth with those limbs and feet, which seems very strange view the immense 
body material that has been gathered into the various museums. The difficulty arises 
from the fact that most this material consists skulls not associated with skeletons. 
With genera such doubtful state, hardly worth while even list the species; that 
species could not have co-existed within the relatively brief space the Chadron, 
obvious; how many did exist and what names should given them, are insoluble 
problems. 


Teleodus Marsh 
Teleodus Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 524, 1890. 


This rare genus appears straggler, surviving, with little change, from the older 
Oligocene the Duchesne River stage. yet, only mandibles have been found the 
Chadron, but many well-preserved skulls have been gathered from the Duchesne beds, 
and these show peculiar feature the dome-like convexity the parietals and frontals. 
Marsh’s original description reads: The present genus allied Brontotherium but differs 
from having six lower incisors instead four. has the same number inferior 
premolars and molars, and these teeth are similar the two genera. From Diplacodon 
the upper Eocene the present genus may distinguished having only three premolars 

There appear two well-defined species Teleodus: 


Teleodus avus Marsh 


Teleodus avus Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 524, 1890. 

Marsh gave separate diagnosis this species, which has been done Osborn, 
follows: 

formula I3, P3, M3. the three lower incisors place each side 
the middle one the largest; there short diastema behind the lower canine, but first 

The size this species relatively small; according Marsh, the antero-posterior 
length the lower dental series inches and the molar series inches. 

Horizon: Base Chadron. 

Locality: Not stated. 


Teleodus primitivus (Lambe) 


Megacerops primitivus Lambe: Contr. Canad. Paleont., Vol. pt. 49, 1908. 
Teleodus primitivus Osborn: The Ancient Titanotheres Wyo., Dak., and Neb., 482. 


Osborn describes this species follows: ‘‘This apparently valid type represents the 
smallest and most primitive Oligocene titanothere known the present time 
differs from avus its inferior size, the presence four lower premolars and the 


Osborn, F., The Ancient Titanotheres Wyo., Dak., and Neb., 482. 
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proportions the incisor teeth, which smaller than cit., 482.) The 
estimated length the lower molar-premolar series 286 mm. 

Horizon: Lower Chadron. 

Locality: Cypress Hills, Saskatchewan. 


seems superfluous undertaking find way through the jungle synonymy 
the White River brontotheres (or titanotheres). The data are all assembled Osborn’s 
monograph and hardly expected that any two observers should agree the 
number species, even genera, which should accepted. already indicated, 
own preference would confine the list genera two, Teleodus and Menodus, and 
regard the indescribable welter variants arising from the hybridization two stocks, 
native and immigrant. 


Menodus Pomel 


Gigantic Prout, A., Amer. Journ. Sci., 2nd Ser., Vol. II, 288, 1846. 

Palaeotherium Prout (nec Cuvier): Vol. III, 240, 1847. 

Menodus Pomel: Biblio. univer. Genéve (Suppl.) Arch. sci. phys. nat., Vol. 73, 
1849. (Subgenus Palaeotherium.) 

Titanotherium Leidy, Owen’s Rep’t. Geol. Surv. Wis., Ia., Minn., 551, 1852. 

Rhinoceros Leidy (nec Linn.): Acad. Nat. Sci. Philad., Vol. VI, 1852. 

Eotherium Leidy: 392, 1853. 

Symborodon Cope (in part): Palaeont. Bull., No. 15, 1873. 

Brontotherium Marsh (in part): Amer. Journ. Sci., 3rd Ser., Vol. 486, 1873. 

Anisacodon Marsh: Vol. 246, 1875. 

Diconodon Marsh: Vol. XI, 339. 

Allops Marsh (in part): Vol. XXXIV, 331, 1887. 

Menops Marsh: 328. 


Gregory’s generic definition Menodus will found 906, and unnecessary 
repeat it. here. 


Megacerops Leidy 

Megacerops Leidy: Proc. Acad. Nat. Sci. Philad., 1870, 
Megaceratops Cope: Palaeont. Bull., No. 15, 1873. 
Symborodon Cope (in part): 
Brontotherium Marsh (in part): Amer. Journ. Sci., 3rd Ser., Vol. 486, 1873. 

This synonymy Megacerops very imperfect, for largely matter individual 
judgment; make fully complete and accurate, would solve the whole problem 
brontothere classification. 


Brontotherium Marsh 


Brontotherium Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 486, 1873. 
Symborodon Cope (in part): Palaeont. Bull., No. 15, 1873. 


we 


in 
' 
J 
7 


910 TRANSACTIONS THE AMERICAN PHILOSOPHICAL 


Menodus Scott and Osborn (nec Pomel): Bull. Mus. Comp. Vol. 13, 159. 
Titanotherium Leidy (in part) Owen’s Rep’t Geol. Surv. Wis., Ia., Minn., 551. 
Titanops Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XXXIV, 330, 1887. 


The long, narrow skull, with nearly parallel sides, very characteristic this genus; 
were constant, this feature would indicate valid genus. 


Brontops Marsh 


Brontops Marsh: Amer. Journ. Sci., 3rd Ser., Vol. XXXIV, 326, 1887. 
Diploclonus Marsh: Vol. 523, 1890. 

Allops Marsh (in part): Vol. XXXIV, 381, 1887. 

Haplacodon Cope: Amer. Naturalist, Vol. 153, 1889. 


The manner which these synonyms have been shuffled from genus genus and the 
lack agreement among students this group suffice show the present hopelessness 
the taxonomic problem. seems absurd call for much larger collections, view the 
immense masses material that are gathered the various museums, and yet the first 
requisite attacking the problem lies determining the association characters, not only 
skulls and teeth, but also body, limbs and feet, and, present, that not feasible. 
One thing certain, that the number species and genera assigned the brontotheres 
must drastically reduced. have made attempt even list the species; would 
serve purpose enumerate thirty forty names, for which definitions can framed. 

The following measurements (mm.), compiled from Osborn’s monograph, will give the 
average size representative skulls. 


MEASUREMENTS 
robustus bicor- 
nutus 
Skull, length prmx. occip. 765 825 830 665 646 680 


Skull, width over zygomatic arches............... 667 515 740 


Horizon: Chadron (for all White River species). 

Localities: Colorado, Nebraska, Wyoming, and Dakota, Montana, Sas- 
katchewan, all which are the region the Great Plains; also California and 
N.W. Utah. 


Superfamily Hippoidea 


Two families, the Equidae and the Palaeotheriidae, are referable this group; the 
latter is, far known, exclusively Old World distribution and member has 
ever been found North America. will not necessary, therefore, take the palaeo- 
theres into consideration here, give separate definitions family and superfamily, 
for, far America concerned, they each amount the same thing. 


SCOTT-JEPSEN: FAUNA THE WHITE RIVER OLIGOCENE 911 


Family 


From the early Eocene the end the Pleistocene the horses were one the most 
abundant and characteristic groups the North American fauna and the history their 
development one the commonplace and oft-repeated chapters the chronicles 
mammalian evolution; would superfluous repeat that story here. Schlosser’s 
method treating family groups genetic sequences, which followed this monograph, 
and has been adopted most American students fossil mammals, has the drawback 
making the definition families exceedingly difficult, because the constant change which 
those families were undergoing. Between Hyracotherium, the lower and Equus, 
the Pleistocene, there immense difference all parts the dentition and skeleton, 
great, fact, that, without the intermediate steps modification, hardly anyone would 
bold assert that had descended from Hyracotherium. 

this long and practically unbroken story, the White River horses are almost the 
half-way stage and considerable development took place within the limits White River 
time. The species found the upper Brulé are notably larger than those the lower 
Brulé and still more than those the Chadron and, furthermore, the typical White 
River genus, Mesohippus, large extent replaced Miohippus, which characteristic 
the John Day. During the Oligocene the horses North America were state 
extraordinary development and diversification and that time when the family not 
known have been represented any other continent. White River horses are surpris- 


ingly diverse, whether the many different forms are ranked genera, species, geograph- 
ical races. 


Mesohippus Marsh 
(Pls. XCVI, 


Palaeotherium Leidy (nec Cuvier): Proc. Acad. Nat. Sci. Philad., Vol. 122, 1851. 

Anchitherium Leidy (nec Meyer): Owen’s Rep’t Geol. Surv. Wis., Ia. and 
Minn., 572, 1852. 

Mesohippus Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 245, 1875. 

Miohippus Hay (nec Marsh, part): Bull. Geol. Surv., No. 179, 612, 1902. 


Leidy’s original reference this genus Palaeotherium was made upon few jaw- 
fragments, with teeth, and interest showing how similar the molar-pattern the 
two families the Hippoidea. Prout’s identification the brontotheres, belonging 
the same genus, was founded upon lower teeth only and even Pomel’s name, Menodus, was 
intended merely subgeneric distinction. The bicrescentic lower molar common 
most perissodactyls, except the tapirs and the Eocene tapiroids. 

Several complete skeletons Mesohippus are displayed the various museums, 
making possible nearly full description its dental and bony structure. 


Mesohippus may defined small equines, about large greyhound, with 


undiminished number teeth, which are very low-crowned; canines and foremost pre- 
molars greatly reduced; premolars with molar pattern; upper molars with external wall 
two conjoined cusps, which have concave and ribbed buccal faces; transverse crests 
showing conules and separate from external wall; lower molars bicrescentic, with twin cusps 
junction crescents; upper incisors with incipient lower simply 
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skull with longer cranial and shorter facial region than Equus; orbit incompletely closed 
behind and placed over the molar teeth; neck short, trunk long; sacrum made five 
ankylosed vertebrae; scapula with small, but prominent acromion; limbs and feet relatively 
short; ulna and fibula much reduced, but separate from radius and tibia and uninterrupted; 
feet tridactyl, manus with vestigial fifth metacarpal. 


DENTITION 


The dental formula has the full number teeth, but the canines and first premolar, 
above and below, are greatly reduced size; the formula is: 

Upper Jaw. The incisors are arranged continuous curve somewhat less than 
semicircle and decrease slightly size backward, being the largest and the smallest. 
These teeth have very low crowns and conspicuous roots and are very small comparison 
with the cheek-teeth and their principal diameter the transverse, which gives them 


Fig. 156. Mesohippus sp.: Cheek-teeth, right side crown-view; enlarged. upper teeth; II, lower teeth. 


certain likeness human incisors. Especially interesting these teeth the presence 
incipient despite their extremely brachyodont form, which very character- 
istic the modern Equidae. the lingual side the crown enamel ridge, which 
encloses enamel-pocket, with the anterior, buccal border, the cutting edge the tooth; 
the pocket shallowest i3. That this enamel-lined depression the beginning the 
equine seems hardly open question. 

The canine very small and simply conical and separated from short inter- 
space and from another. This tooth much more reduced, proportionally, than 
modern horses, for stallions the tusk real weapon, and this suggests important 
question the philosophy evolution. Could reduced tooth ever enlarge again, 
become functionally important? not, the known species Mesohippus cannot 
have been ancestral existing horses. The same problem arises connection with the 
camels; Protylopus, the upper Eocene, and Poébrotherium, the White River, incisors 
and canines are much more reduced than their putative descendants. 
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the four premolars, the first, small, compressed and simple cone, with rather 
strong cingulum the lingual side the crown. none the succeeding genera the 
family did this tooth ever become molariform and, existing horses, useless vestige. 
The second premolar, p2, foreshadows the peculiar shape acquired Equus, which 
the largest the grinding teeth; not quadrate outline, the following cheek-teeth 
are, but narrower front than behind and has forward extension the antero-external 
angle. Premolars 2—4 have, almost exactly, the molar pattern and differ from those such 
genera the rhinoceroses and brontotheres have molariform premolars the form the 
outer wall, which composed two cusps with concave buccal faces, the molars, 
whereas the two families mentioned the premolars have convex external cusps. 

The molars have much resemblance those the palaeotheres; the ectoloph has two 
equal cusps, with concave outer faces, and two transverse crests, the internal ends which 
are fused with the inner cusps, but the crests not quite reach the outer wall; each 


the cross-crests the conule still distinct. size, the molars decrease posteriorly, 


being the smallest the series. 

Lower Teeth. The incisors are quite different from those the upper jaw having 
narrower and simpler crowns, with chisel-like shape and indication the elevated pos- 
terior cingulum, which the upper teeth shows the beginning the There are 
other equine genera, the Miocene Hypohippus, for example, which, Mesohippus, the 
upper incisors show the incipient while the lower ones not. 

The canine much reduced size and somewhat incisiform; follows the incisors 
after short interval, almost seem one that series. Like the upper canine, this 
tooth more reduced than the modern genera the family. 

The premolars are, for the most part, molariform, but the first one, not all so, 
and minute tooth, with compressed-conical crown; implanted single root and 
not separated diastema from p2. The second premolar, p2, not quite molariform, 
the anterior half the crown being compressed and somewhat trenchant, while the pos- 
terior half crescent, and these premolars are fully molariform. 

The three molars are bicrescentic and, the junction the two crescents, are two 
minute cusps and Riitimeyer), which are highly characteristic the equine 
insignificant Mesohippus, they grow larger each successive genus and become very 
important elements the pattern the lower molars those genera which the teeth 
are hypsodont, most so, course, the modern Equus. Mesohippus the talon the 
third molar relatively large. 

the Recent Equidae, the most important change from the Oligocene genera the 
development very high and prismatic tooth-crowns, which continue growing till old age; 
unworn teeth are completely covered thick layer cement; the molar-pattern has be- 
come very complex-looking through the sinuous folding the transversé enamel crests. 
The steps change may satisfactorily traced through the successive genera the upper 
Oligocene, Miocene and Pliocene. 


SKULL 


The skull like that tiny modern Horse, which bears unmistakable re- 
semblance, but with great many differences details. The cranium longer propor- 
tionally and the face shorter; the slender, tapering muzzle and shallow jaws, which are due 
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the extremely brachyodont teeth, are obvious differences. The orbit incompletely 
closed behind and much farther forward than Equus, situated above the grinding teeth, 
instead behind them. The brain-case remarkably capacious, relatively much more 
than any other White River perissodactyl. The occipital surface high and narrow. 

The basioccipital broad, stout and strongly convex, with faintly marked keel. 
The condyles are rather small, not strongly projecting, and contact the median ventral 
line; the articular surfaces are continued forward for some distance upon the inferior surface 
the basioccipital; but these surfaces are narrow and nearly flat, not concave from before 
backward, and not having the elevated anterior borders which occur the Horse. The 
exoccipitals are rather low and broad, and form very strong convex prominence the 
median line, which lodges the large vermis the cerebellum. This prominence not thick- 
ened and diploétic, Equus, but has very thin walls. The superior margin the fora- 
men magnum notched the median line, and each side that line there small 
protuberance. The paroccipital processes are long, slender, and compressed. The 
supraoccipital quite high and narrow, concave the median line, and with acute margins, 
forming the lambdoid crest; extends but little way upon the roof the cranium. The 
occiput whole proportionately higher and narrower than the Horse, and the sur- 
faces for ligamentous and muscular attachment are much less prominent and rugose. The 
foramen magnum narrower and more circular outline. 

The basisphenoid shorter and more slender and tapering than the basioccipital, but 
otherwise like shape. The presphenoid covered the expanded vomer that little 
can seen. The alisphenoid peculiar shape; the ascending branch divided 
angulation into two portions, which the anterior high, narrow, and nearly vertical; 
and the posterior forms broad, flat, and nearly horizontal surface, rising gently the 
glenoid cavity. The much more elevated position the latter the Horse gives this 
part the alisphenoid very different appearance. The orbitosphenoid high, but rather 
narrow, not forming nearly much the wall the orbit the Horse. 

The periotic has high, but very narrow mastoid portion, which exposed between the 
squamosal and the exoccipital, and forms large part the wall the cerebellar fossa, 
plain longitudinally bisected skull. The tympunic not ankylosed with the periotic, 
and most specimens has become detached and lost. very small and forms minute 
bulla with elongated tubular meatus, the bulla ending front short, sharp styliform 
process; encircles and apparently co-ossified with the tympanohyal. The periotic 
contact with the basioccipital, that the large lacerated foramina are continuous, 
nor extensive the Horse. 

The large, forming much the side walls the cranium, but not rising 
high relatively the Horse; the zygomatic process quite long and slender, and, 
Equus, extends forward form part the inferior rim the orbit. The peculiar 
and exceptional construction the Horse’s orbit thus already indicated. The glenoid 
cavity likewise characteristically equine form; its articular portion very narrow, 
slightly concave from side side, and convex from before backward; its external portion 
raised, and when viewed from the side forms prominent tubercle, which, however, not 
broad, nor conspicuous the Horse. The postglenoid process quite high, mas- 
sive, and rugose; between the postglenoid process and the articular surface there broad, 
shallow depression. The posttympanic process short and inconspicuous, and closely 
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applied the mastoid portion the periotic. The deep notch between the posttympanic 
and postglenoid processes lodges the tubular auditory meatus. 

The jugal quite long and slender, its posterior portion reaching back nearly the 
glenoid cavity; extends, however, but little upon the face, very much less than Equus, 
and the masseter surface but feebly developed. whole, the zygomatic arch de- 
cidedly different from that Equus, being longer, much more slender and compressed. 
These differences are due part the changed position the orbits, and part the 
increased relative importance the masseter muscle the modern species. 

The parietals are long, but narrow; anteriorly they diverge strongly receive the 
posterior projections the frontals; the sagittal crest short and inconspicuous, but 
longer and more prominent than the Horse; anteriorly the ridges diverge and form nar- 
row triangular area. Near the posterior portion the suture with the squamosal, the 
parietal perforated number large venous foramina: the Horse these foramina 
are situated the squamosal, are more scattered, and extend farther forward. 

The frontals are very long, but rather narrow; their shape much the Horse, but 
the forehead narrower and slightly concave. The frontal sinus but little developed, 
and does not extend over the brain all. The fronto-nasal suture nearly straight, but 
the median line the frontals send forward narrow tongue, which wedged between 
the diverging nasals. The cranium quite sharply constricted behind the orbits. The 
postorbital processes are long and slender, with rugose edges; there trace any corre- 
sponding process from the zygomatic arch. The superior rim the orbit more promi- 
nently projecting some specimens than others, and the former there are two small 
supraorbital foramina; the latter the foramen represented notch the anterior 
base the postorbital process. 

The lachrymal quite large, and though smaller than the existing genus, extends well 
the face and articulates superiorly with the nasal well the frontal; front the 
orbit there pit depression, which partly upon the lachrymal, but more extensively 
upon the maxillary. This pit very much deeper some specimens than others, though 
the difference may sexual one. There obscure lachrymal spine upon the rim 
the orbit, and the foramen single and placed well within the orbit. 

The nasals are very long and narrow, and general appearance resemble those the 
Horse, but with some differences. Posteriorly they are quite broad, reaching nearly the 
antero-superior margin the orbit, and diverging receive between them the short 
and sharp nasal processes the frontals. front this expansion the nasals become very 
narrow, but their sides are bent down nearly right angles the horizontal portion, 
very much the Horse. The free ends extend far beyond the suture with the premaxil- 
laries, and taper much less rapidly than Equus, their tips being rounded and blunt, not 
sharply pointed. 

correspondence with the small size the incisor teeth, the alveolar portion the 
Mesohippus but feebly developed and conspicuously smaller trans- 
versely, and more especially the vertical diameter than the ascending ramus 
much shorter and less obliquely directed than the Horse; forms thin and narrow plate 
and has short contact with the nasal. The anterior nares are much lower and narrower 
than the Horse. The palatine plates the premaxillaries are very small, and the spines 
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much more slender and very much shorter than the Horse, are also the anterior 
palatine, incisive foramina. 


The are chiefly remarkable for their small extent vertically, especially the 
alveolar portion, which very low, that the inferior rim the orbit brought near 
the molars; but even the portion which applied the formation the nasal chamber 
much less extended vertically than the existing species. There short diastema be- 
tween the canine and the first premolar, and just front the latter the face slightly 
constricted. The maxillary also much shorter, proportionately, than the modern 
forms, correlation with the far smaller cheek-teeth. The alveolus extended some dis- 
tance behind the last molar, but less than Equus, and there well marked notch between 
the palatine and this portion the alveolus. The palatine processes the maxillaries are 
narrow and quite short, which brought about the position the posterior nares, that 
extend far forward the first molar, and thus have much more anterior situation than 
the existing type. The masseter crest very feebly developed, and does not extend 
all advance the jugal suture. 

The palatines form very little the hard palate and are chiefly confined enclosing 
the posterior nares laterally. This opening decidedly horseshoe-shaped, broad and 
rounded front, and much contracted behind. The palatines are contact with the 
maxillaries throughout, the inner wall the orbit being formed its postero-inferior 
portion the outer wall the narial opening, giving this region the skull entirely 
different appearance from that which occurs the horses. The pterygoids are very small 
and inconspicuous, and not form distinct hamular processes. The vomer, far 
can made out, agrees with that Equus. 

The mandible has slender and compressed horizontal ramus, which tapers rapidly 
forward, and very sharply constricted the diastema, expanding again slightly form 
the incisor alveolus. The two rami are firmly co-ossified, and the symphysis quite long. 
The symphysial region directed sharply upward and forward, thus forming angle with 
the remainder the horizontal ramus, while Equus the symphysis flattened, procum- 
bent, and the same straight line the molar-bearing region. These differences are 
doubt due the changes the character and especially the size the incisor teeth. The 
angle regularly rounded and has thickened border; more extended antero-posteriorly 
than the Horse. The ascending ramus, the other hand, decidedly lower, and the 
condyle less elevated above the level the molars. The coronid process regularly 
recurved and pointed, and resembles that the ruminants rather than that Equus. 
The condyle extended transversely, but very narrow antero-posteriorly. 

The cranial foramina Mesohippus have attained very nearly the modern arrange- 
ment. The anterior palatine foramina are much shorter than the horses and the pos- 
terior palatine foramina are farther forward, opposite the first molar. The infraorbital 
over p3, Equus, but much lower down than that genus, and separated from the 
orbit much shorter interval. The supraorbital foramen sometimes present, some- 
times indicated notch. The optic foramen placed front the foramen lacerum 
anterius, and not above it. There alisphenoid canal. The large space surrounding 
the tympanic bone includes the eustachian canal, foramen lacerum medium 
and the carotid canal; none the fossils which have seen can these foramina 
distinguished. 
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The numerous venous foramina which perforate the parietal are, the Horse, shifted 
the squamosal. the mandible there are three small mental foramina, extending from 
the diastema. 

When viewed longitudinal section, the skull Mesohippus presents many important 
differences from that Equus. Especially striking the size the nasal chamber 
and the large size the brain cavity, especially the antero-posterior direction. The 
cerebellar fossa decidedly larger proportion, and less overlapped the cerebral fossa. 
There very little thickening diploétic structure the posterior parietal and supra- 
occipital regions, and the alisphenoids and orbitosphenoids are excessively thin. The 
frontal sinus extremely small, and does not extend over the The nasal 
chamber low and narrow, and the maxillary sinus, antrum, much smaller than 
Equus. 

the skull Equus the principal changes from the White River genus are follows: 
(1) The face has become greatly elongated and increased both vertical and transverse 
diameters. (2) The alveolar portion the maxillaries and premaxillaries has become very 
much higher, correspondence with the development prismatic teeth. (3) The anterior 
nares are much higher and wider, the nasals longer and taper anteriorly sharp points. 
(4) There pre-orbital depression. (5) The jugal and lachrymal are much more ex- 
tended upon the face, and the masseteric crest has become very prominent, extending far 
forward upon the maxillary. (6) The maxillary alveolus extends farther behind the last 
molar. (7) The posterior nares are placed far back, and the posterior part the palatines 
not contact with the alveoli. (8) The orbits are completely enclosed, much elevated 
position, and pushed back the molar series. This shifting causes important changes 
the shape the alisphenoids. (9) The zygomatic arch shorter and more massive. (10) 
The cranial cavity broader and more rounded, and the cerebral fossa overlaps the cere- 
bellar. (11) The tympanic ankylosed with the periotic. (12) Large sinuses are developed 
the frontals and thickenings the median line the parietals and occipitals. 
(13) the lower jaw the symphysis broadened, procumbent, and the same line with 
the rest the horizontal ramus; the ascending ramus higher and narrower, the coronoid 
straighter and less pointed, and the condyle higher above the level the molars. 


BRAIN 


The brain Mesohippus has been described and figured Osborn, who says it: 
had large and well-convoluted brain. The length and breadth indicate 
that weighed about one-third much the brain the recent horse, while esti- 
mate the body weights the fossil and recent animals the relative size the humeri, the 
brain the Miocene [sic] species was proportionally heavier. The cerebrum the horse 
is, however, much more highly convoluted, and the frontal lobes are relatively broader. 
The Mesohippus brain distinguished marked manner the longitudinal direction 
the parietal and occipital sulci, and the deep transverse frontal sulci, from the oblique 
sulci all recent ungulates. fact, this respect bears marked general resemblance 
the brain type recent Carnivora, and conforms with the higher Ungulata the 
this may added that the hemispheres are narrower and less capacious 
the fossil, and all the lower members the ungulate series, they taper much an- 
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teriorly. This brain shows the parietal and occipital region very close agreement with 
the principal fissures the equine brain figured but the frontal region the 
agreement much less close, owing the transverse direction the frontal sulci. 

Another well-preserved specimen Mesohippus brain-cast was obtained the 
Princeton Expedition 1890, which presents some differences from the one figured 
Osborn. This brain was larger animal (perhaps species), and more modern ap- 
pearance, the frontal lobes being decidedly broader, and the convolutions richer and more 
sinuous. the frontal region the sulci tend become less exactly transverse, and the 
parietal region slight tendency obliquity the sulci observable. The olfactory 
lobes are large, and the cerebellum not overlapped the hemispheres the same degree 
the recent species. 


VERTEBRAE AND RIBS 


The vertebral formula is: C7, D17, L7, number trunk-vertebrae is, 
thus, the same the modern Horse, but differently divided, for Equus has 18-19 
dorsals and 5-6 lumbars. 


Fig. bairdii: Skeleton, left side: No. 1477. 


Cervical Vertebrae. The atlas rather long antero-posteriorly proportion its 
breadth. The anterior cotyli for the occipital condyles are deeply concave and are notched, 
sometimes more and sometimes less deeply, their outer margins. they are 
almost contact, but above are widely separated deep and broad notch semi- 
circular outline. The neural arch rather broad and low, and the neural spine repre- 
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sented low, rugose ridge; each side this there another similar ridge which runs 
obliquely forward and outward, ending above the foramen for the first spinal nerve. The 
inferior arch strongly convex, and constricted the middle the deep fossae into which 
the vertebrarterial canals open; there small but very hypapophysial tubercle. 
The posterior cotyli for the centrum the axis are rather high and narrow, and face ob- 
liquely backward and inward; the articular surface for the odontoid process some cases 
separated from the cotyli deep grooves, either partially completely; others the 
three are continuous. The transverse processes are very short, but extended from before 
backwards, with regularly curved and slightly thickened free margins. When viewed from 
the side, the process presents slight sigmoid curvature, and runs obliquely downward and 
backward. the anterior root the transverse process there deep notch for the 
first spinal nerve which not converted into foramen. The posterior opening the 
vertebrarterial canal the dorsal side the transverse process. advance its 
anterior opening there small vascular opening, which enters but does not perforate the 
side the atlas. The characters the atlas Mesohippus are thus obviously equine. 

the modern Equidae the atlas has become broader and more rugose and massive 
construction; the transverse processes are extended forward, converting the notches their 
bases into foramina, and the posterior openings the vertebrarterial canals are consider- 
ably enlarged. 

The Mesohippus presents many more differences from the modern type than 
does the atlas, and also subject unusual degree individual variation. The centrum 
long, very much depressed and quite broad front, becoming narrower and deeper 
behind, ending nearly circular and deeply concave posterior face. the posterior 
half there thin but prominent hypapophysial keel, terminating small tubercle. 
The articular surfaces for the atlas are usually high and narrow, rising far the sides 
the neural canal, but their shape varies much different individuals; ordinarily they are 
nearly flat, very slightly concave from side side, the medial margin standing somewhat 
advance the external, and slightly convex from above downward; but sometimes the 
medial margins are far advance the external, giving the surfaces curiously warped 
appearance. Sometimes the surfaces project down below the general level the centrum, 
producing deep notch between the two; other cases they not project, and there 
notch. The odontoid process varies much shape, being some specimens short, 
broad, and straight, with truncated free margin; others longer, narrower, curved upward, 
and pointed; but all cases flat the dorsal side, convex the ventral, 
many other White River ungulates. The facet upon its inferior surface usually separated 
from the articular faces the centrum, but sometimes continuous with them, the 
case the corresponding surfaces the atlas. 

The neural arch not very high, and much broader some specimens than others; 
the pedicles are perforated near the anterior edge for the passage the second pair 
spinal nerves. The neural spine very peculiar, being long, high, hatchet-shaped, thin, 
and very much compressed plate, which terminates behind obtuse point, projecting 
considerably beyond the post-zygapophyses and raised much above them; altogether very 
different shape and appearance from the structure seen the Horse. The post-zyga- 
pophyses are large and very prominent; some specimens they are directed nearly straight 
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outward, others more obliquely outward and backward. Sometimes they are quite con- 
cave from side side, but again they are strongly convex. 

the Horse the anterior articular surfaces the axis project outward and also down- 
ward, some specimens the odontoid process spout-shaped, though not 
deeply concave the ruminants; its facet for the atlas continuous with those 
the anterior face the centrum, the medial margins which stand far advance the 
external. The neural spine relatively low but very massive, and with thickened rugose 
margin, posteriorly bifurcating into two ridges, one which passes into and dies away upon 
the post-zygapophyses; the latter form, therefore, the hindermost projection the vertebra. 
The neural canal proportionally low and narrow. The centrum very strongly opis- 
thocoelous, and the posterior face obliquely placed, slanting upward and forward. 

will observed that the numerous individual variations the axis Mesohippus 
consist chiefly approximations the condition found the Horse, now one respect, 
now another. 

The third, fourth, and fifth cervical vertebrae Mesohippus are very much alike; they 
all have elongate centra, which are strongly keeled inferiorly, and have faces set obliquely 
the long axis the centrum; the anterior face hemispherical, and the posterior deeply 
concave. these three vertebrae the centra are nearly equal length. The neural 
arches are low and very broad top; the zygapophyses are large and strongly projecting. 
The neural spine represented faint ridge the third, which becomes small tubercle 
the fourth, and distinct spine the fifth. The transverse processes have considerable 
antero-posterior extension and become successively shorter and stouter pass back- 
ward; the same time the inferior lamella, which incipient the third, steadily enlarges 
the succeeding vertebrae. 

The cervical shorter than the preceding ones, and has hypapophysial keel 
tubercle; instead, the lower edge the posterior face emarginated the median line. 
The neural spine quite high and inclined strongly forward. The transverse process 
short, stout hook, curved upward the extremity, and the inferior lamella has greatly 
increased size, attached the centrum throughout its length, and projecting consider-. 
ably both front and behind it. 

The seventh cervical still shorter than the sixth; has broad, flat, and depressed 
centrum, which, advance the transverse processes, somewhat suddenly constricted 
form the small, nearly hemispherical, and obliquely placed head; the posterior face 
quite broad, and displays each side the rounded pit for the centrum the first dorsal 
facet for the head the first rib. The transverse processes are quite stout and simple, 
and are not perforated the vertebrarterial canal. The pre-zygapophyses are nearly 
flat, very prominent, and obliquely set, facing more inward than upward; the post-zyga- 
pophyses are less conspicuous, they not project behind the neural spine. The latter 
stout, strongly inclined backward, and occupies the whole antero-posterior extent the 
neural arch. 

Comparing the posterior five cervical vertebrae the Horse with those Mesohippus, 
find many important differences. The centra have been elongated, that the neck 
whole much longer than the Oligocene genus; all the processes for muscular and 
ligamentous attachments are far more prominent and massive, correlation with the 
increased size and power the animal. faces the centra are more decidedly concave 
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behind and convex front, and are set more obliquely the long axis the vertebrae, 
that the neck exhibits more decided sigmoid curvature, well being longer. Neural 
spines have disappeared from all but the seventh, where the spine much lower pro- 
portionally than Mesohippus. Equus asinus, however, there very short spine 
the sixth also, and the inferior lamella this vertebra less developed than the Oligocene 
form. 

the trunk the backbone very elongate proportion the length the legs and 
feet, and displays gentle longitudinal arching, rising from the withers the hips, because 
the greater length the hind legs compared with the fore limbs. Mesohippus 
there little curvature the backbone. Equus the spinal column remark- 
ably straight and horizontal and the differences level the upper profile the back are 
due the changing heights the neural spines and especially the relatively long spines 
the anterior dorsals. These spines make low hump the withers, which, however, 
much more the skeleton than the living animal. 

The dorsal vertebrae number 17; they are decidedly equine character, but 
differ many respects from those the Recent members the family, partly conse- 
quence the very small size the Oligocene animals, partly because difference type. 
The centrum the first dorsal much like that the last cervical, but shorter and less 
opisthocoelous. The transverse processes are long and have large, crescent-shaped and 
deeply concave facets for the tubercles the first pair ribs; the pre-zygapophyses are 
very large and prominent, the post-zygapophyses are much smaller, but project strongly 
behind the neural spine; the spine stout, especially the posterior side. 

The succeeding dorsals gradually lose these characters; the centra are rather small and 
nearly equal length, except the posterior part the thorax, where they become larger 
and longer, transition the lumbars; the second dorsal the zygapophyses appear 
the dorsal and ventral sides the neural arch. The transverse processes become shorter 
and have less deeply concave rib-facets. Metapophyses are first seen the 4th dorsal 
and grow more conspicuous posteriorly the 2nd lumbar. The neural spines are com- 
paratively short and weak and have but slight backward inclination, which diminishes 
posteriorly the 13th vertebra the series and this the anticlinal; the forward inclina- 
tion dorsals: 14-16 very slight. The backward diminution the spines height 
very gradual, that there indication hump the shoulders. the middle 
region the transverse processes are very short and arise from the neural arch above the 
centrum. The posterior dorsals are longer and have trihedral, sharply keeled and slightly 
opisthocoelous centra, with faces set obliquely the long axis the vertebra. The spines 
are high, but very thin, and have slight forward inclination; the zygapophyses are more 
lateral position and show beginning the interlocking type. 

The anterior vertebrae have elongate, trihedral and keeled centra, which are 
slightly opisthocoelous and with oblique faces; these vertebrae the breadth exceeds the 
dorso-ventral diameter but little, but, posteriorly, the centra become much broader and 
more depressed. The neural spines are higher than the middle hinder parts the 
thorax and considerably broader antero-posteriorly and all have slight forward inclination. 
The zygapophyses show the cylindrical interlocking shape, like those artiodactyls, but 
are less completely developed than modern horses. The transverse processes are broad, 
thin and plate-like and increase length back the fifth vertebra; the sixth and seventh 
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they are progressively shorter. What Huxley said these vertebrae the Horse, applies 
equally well Mesohippus: The transverse processes the penultimate, and the last, 
lumbar vertebrae present concave facets upon their posterior margins, which articulate with 
convex facets developed upon the anterior margins the last lumbar and first sacral 
vertebrae 

The sacrum consists five ankylosed vertebrae, which the first and very small part 
the second support the pelvis. The sacrum narrows much behind the ilio-sacral joint 
and the centra the sacral vertebrae are thin and much depressed dorso-ventrally. The 
very low neural arches are fused into continuous tube but the spines remain distinct and, 
the first three vertebrae, they are almost high those the lumbars, but much thin- 
ner and more slender. That the second sacral expanded the tip, while those the 
fourth and fifth are very much lower. There are remnants the zygapophyses, but 
the transverse processes each side are co-ossified into thin plates, with four perforating 
foramina for the passage the spinal nerves. whole, the sacrum very light and 
thin and contrasts strongly with the heavy and massive bone existing members the 
family. 

The caudal vertebrae indicate thin tail moderate length. The ribs are unlike 
those existing perissodactyls and more like those the primitive ungulates the Eocene 
and Oligocene and those most unguiculates their unusual slenderness. The first rib 
very short and more arched than common perissodactyls; posteriorly, the ribs 
increase length the eighth, which the ninth and tenth are equal; from the tenth 
the seventeenth the ribs shorten progressively. From the first the seventh, inclusive, 
the ribs are broader and more flattened than the middle and hinder part the thorax, 
though very much less than the modern members the family; the succeeding ribs, 
eighth—seventeenth, are slender, rounded and rod-like, more unguiculate than ungulate 
character. far back the tenth rib, the tubercles are quite prominent; the eleventh 
and twelfth they are sessile and absent from the remainder. 

Sternum. none the available skeletons are any segments the breast-bone 
preserved. 


Fore GIRDLE 


The scapula very different shape from that especially its much greater 
antero-posterior breadth, though the blade divided similarly asymmetrical manner 
the spine, with the postspinous fossa much exceeding the prespinous width; the 
comparatively narrow neck, the spine almost the coracoid border. The coraco- 
notch very wide dorso-ventrally and, above it, the coracoid border gently 
curved, passing imperceptibly into the suprascapular border; the glenoid border nearly 
straight and steeply inclined upward and backward from the neck. The spine more 
prominent than the Horse and ends below short but very distinct acromion, while 
the Recent genus there acromion, the spine dying away gradually The 
coracoid process relatively larger and more prominent than Equus and its anterior 
free border thickened and rugose. 

The glenoid cavity nearly circular and quite shallow and slightly notched its 
antero-internal border the synovial incision. The neck very narrow and long and the 
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spine arises somewhat nearer the glenoid glenoid border much thickened, 
but the coracoid border quite thin and sharp. 

The principal differences between the scapula Mesohippus and that Equus are that 
(1), the former the blade proportionately much broader, (2) the neck much more 
contracted, (3) the spine decidedly more prominent and has distinct acromion, (4) the 
coracoid relatively larger and more rugose. 

The fore limb comparatively short, shorter than the hind, which causes the back 
slope down from the rump the withers. The inequality the length fore and hind 
limbs not great, was the Eocene genera, Hyracotherium and Orohippus, and was 
process equalization, disappearing barbouri, which fore and hind legs are more 
nearly equal length. 

The humerus Mesohippus relatively short; the head flattened and projects very 
strongly backward; when the bone placed the vertical position, the head presents more 
posteriorly than superiorly. The external tuberosity very large, extending across nearly 
the entire anterior face the bone and ending stout, blunt hook, which overhangs 
the bicipital groove. This tuberosity divided into two portions, smaller external one 
with smooth surface, and larger rugose internal one. The inner tuberosity well devel- 
oped and encloses with the outer very deep and narrow bicipital groove, which situated 
the antero-internal angle the head. none the specimens which have examined 
there any indication the bicipital tubercle the bottom the groove. The shaft 
slender and slightly curved sigmoid shape; the middle nearly circular section, 
below this transversely oval, and proximally also oval, with the long axis directed from 
before backward. The deltoid ridge prominent and rugose and runs far down the 
shaft, forming, however, projecting hook; the supinator ridge distinctly marked, but 
short. The anconeal fossa very small, but deep, and perforates the shaft form the 
The distal end but little expanded transversely, and the trochlea 
set obliquely the long axis the shaft; also considerably greater vertical height 
internally than externally. The inner condyle broad the anterior face, but becomes 
much narrower the distal and posterior sides; the intercondylar ridge forms broad and 
thick rounded prominence. The external condyle almost confined the anterior face, 
hardly descending all upon the distal surface; its outer portion projects laterally and 
flared peculiar manner, forming with the corresponding surface the radius joint 
which allows extraordinary degree flexion. The obliquity the trochlea has the 
effect throwing the radius outward during flexion; otherwise the arrangement facets 
such that the two bones could brought into contact through almost their whole léngth 
without dislocation. 

The epicondyles are but feebly developed, the external one hardly indicated and the 
internal one somewhat larger and more prominent. The inner side the distal end has 
considerably greater antero-posterior depth than the outer, that when the bone viewed 
from the side, the internal margin the anconeal fossa seen project behind the outer 
margin, but much less decidedly than Equus. 

the Horse, the shaft has become much stouter and straighter, well longer than 
the White River genus, and the ridges for muscular attachment, especially the deltoid 
hook, are much better developed. The external tuberosity little, any, larger than the 
internal, and does not project over the bicipital groove, which, its turn, has become very 
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broad, and divided into two portions the large bicipital tubercle. The latter now 
prominent either the tuberosities. The distal trochlea broad, set nearly right 
angles with the long axis the shaft, and uniform height. The inner condyle pro- 
portionally more extended than Mesohippus, and the intercondylar ridge more thickened. 
The external condyle has not the peculiar facet above described, and there supra- 
trochlear foramen. The inner margin the anconeal fossa projects far behind the outer. 

The humerus Mesohippus many ways like that Poébrotherium, the White 
River camel, while that Equus very similar that the Recent Camel, especially 
the construction the proximal end, with reduced external tuberosity and development 
the bicipital tubercle. This interesting example the independent acquisition 
similar characters. 

The ulna Mesohippus, though much reduced, usually distinct from the radius 
some specimens, however, the distal ends the two bones are co-ossified for 
short distance. The olecranon quite high, but thin and compressed, with thick end and 
abruptly truncated superior margin; continued upward vertical line with the shaft, 
hardly projecting all backward. The sigmoid notch shallow, and the articular facets 
for the humerus are confined its superior and anterior faces and are obliquely placed 
with reference the long axis the shaft. The radial facets are two, which the outer 
one decidedly the larger and more prominent. The shaft very slender and compressed, 
but not interrupted, and the distal end but slightly expanded and bears small saddle- 
shaped facet for the pyramidal. 

The radius short and has shaft which arched forward and quite slender, though 
the latter respect there considerable variation, some specimens being decidedly stouter 
than others. The shaft much flattened antero-posteriorly, and transversely oval 
section and nearly uniform diameter, except the extremities. The proximal end quite 
broad, the increase being chiefly upon the external side. There are three clearly demarcated 
facets for the humerus, which the internal one the broadest, and separated from the 
external the wide and deep intercondylar groove, which, however, emarginates the 
anterior edge but slightly. The external facet projects strongly beyond the line the 
shaft; nearly and descends steeply from behind forward, somewhat Merycoido- 
don. The very unusual amount flexion which this arrangement permits has been already 
mentioned. Distally the radius thickened, but not much expanded transversely; the 
anterior face has broad, not very deep sulci for the extensor tendons, and the external 
side there deep groove for the distal end the ulna. There are two carpal facets, for 
the and the lunar; the former concave front, and behind forms stout convex 
projection, which extends much posteriorly the lunar facet and reflected upon the 
palmar face the bone. The surface for the lunar simply oval and concave; its greatest 
diameter transverse, which dimension somewhat exceeds the scaphoid facet, but 
much less extended palmo-dorsally. The tubercle for the insertion the biceps and 
brachialis internus muscles the inner side the proximal end. 

Equus the ulna and radius have completely coalesced and the shaft the former 
interrupted. The olecranon longer and projects more strongly backward than Meso- 
hippus, and its free end more regularly rounded. The shaft the radius much stouter 
and more expanded the extremities; the facet for the internal humeral condyle decidedly 
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broader proportion, and the intercondylar groove notches the anterior margin quite 
deeply. The rugosity for the biceps and brachialis internus the anterior face. 

The carpus Mesohippus general appearance and construction very much like that 
the Horse, but with many differences detail and is, the whole, decidedly more 
primitive. 

The scaphoid rather narrow transversely, but high and considerable dorso-palmar 
thickness. The internal side rugose and marked deep oblique groove, which, how- 
ever, does not appear tendinal sulcus; the palmar face also rugose, but less 
transversely extended than the Horse, where this face forms hook projecting toward 
the ulnar side. The proximal facet for the radius has greater dorso-palmar extent than 
that for the lunar, pyramidal; broader and slightly convex front, narrower and 
concave behind. the ulnar side the scaphoid there are two facets for the lunar, 
which the distal one less distinct than the Horse, and the interval between the scaphoid 
and lunar not large that animal. The distal surface the scaphoid exhibits 
three articular facets, arranged one behind the other; these the dorsal and largest one 
for the magnum, which nearly plane; behind and slightly internal the concave 
facet for the trapezoid, and the postero-internal angle minute facet for the trapezium. 
There posterior facet for the head the magnum. 

The lunar high and narrow, with the proximal end considerably broader than the 
distal. The radial facet slightly convex front, concave behind, and the internal side 
descends somewhat upon the anterior face the bone. The lunar contact with the 
scaphoid only the proximal and distal borders, being elsewhere separated consider- 
able interval, but closely applied the pyramidal throughout. The distal end, when 
seen from the front, unevenly divided between the magnum and unciform facets, the 
former surface being usually much the wider; one specimen the proportion 
another, the magnum facet but slightly broader than that for the unciform. The latter 
facet has smaller dorso-palmar extent than the former, the projection from the palmar 
side covering only the magnum. 

The pyramidal very narrow transversely, its principal diameter being the dorso- 
palmar, caused prominent and massive projection from the palmar face. The proxi- 
mal surface small, slightly concave, and occupied the ulna; there small facet also 
for the radius, but this not apparent all specimens. Distally there concave facet 
for the unciform, which broader behind than front. The pisiform facet narrow, but 
long, and but little oblique position, presenting nearly directly upwards. The pyramidal 
the Horse relatively broader and more massive, but lower; the posterior projection 
much less prominent, and the pisiform facet nearly vertical, presenting backward, and 
but very slightly upward. 

The pisiform entirely different shape from that seen the Horse; quite long 
and compressed, with somewhat contracted neck and expanded free end, which slightly 
inflected the tip. The pyramidal facet long and narrow and entirely the inferior 
surface, forming nearly right angle with the ulnar facet, with which continuous 
(though some individuals separated from short interval); the latter 
triangular shape, and slightly concave. the Horse, the pisiform has much greater 
vertical diameter and neck; the ulnar and pyramidal facets are both the proximal 
end, nearly the same plane, and separated from each other deep notch. 
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The trapezium very small nodular bone, with its vertical diameter the principal 
one; proximally has minute contact with the scaphoid, and distally presents ob- 
lique facet for the palmar side the head the second metacarpal, projecting below the 
level the distal face the trapezoid. 

The trapezoid rather low, and very narrow front, broader behind. Its position 
rather more lateral than the Horse, and more visible when the manus viewed 
from the front. The proximal surface somewhat convex, the distal nearly plane, and 


there small posterior facet for the trapezium. The trapezoid supports only metacarpal 


II., and there separate posterior facet for the magnum such occurs the Horse. 

The magnum relatively high and narrow, correlation with the moderate degree 
expansion which the median digit has undergone. The proximal surface front divided, 
nearly equally, between the facets for the scaphoid and the lunar, the former slightly the 
broader, the latter more oblique position, the two meeting open angle and forming 
sharp ridge. Posteriorly the magnum covered only the lunar, into concave facet 
which the narrow, elevated the magnum fits. The distal surface the mag- 
num nearly plane, broad front and narrow behind, and occupied entirely the 
third metacarpal, but the radial side small facet for metacarpal 

The unciform narrow and compressed, but very high, having nearly twice the vertical 
diameter the magnum, and consequence projecting far below the distal face the 
latter. The proximal end exhibits small facet for the lunar, and much larger one for the 
pyramidal, which reflected well down upon the palmo-external there 
large facet for metacarpal and much smaller one for metacarpal The facet for 
metacarpal III vertical and entirely lateral position, being placed upon the radial side 
the bone, and not all distal. The unciform the Horse very different from that 
the White River genus; much lower, hardly projecting all below the level the 
magnum, which exceeds but little the lunar facet has become somewhat broader, 
and the facet for metacarpal III almost entirely distal position, forming gently curved 
line with the facet for metacarpal IV; course, there facet for fifth digit posteriorly, 
the unciform seen rest upon the third metacarpal; Mesohippus this not the case. 

The metacarpus consists three functional members, the second, third, and fourth, 
and one vestigial, the fifth. very slender, compressed, and elongated, with 
much flattened shaft which closely applied that the median digit and which 
arched forward. The proximal end somewhat thickened palmo-dorsally, but very little 
wider than the shaft; exhibits three well-marked facets—a small one the posterior 
radial edge, for the trapezium; larger, slightly concave and truly proximal one for the 
trapezoid; and the ulnar side small facet for the magnum. The distal trochlea very 
much compressed laterally and narrower than the inferior end the shaft; the carina 
very nearly median position, not all prominent, and entirely confined the palmar 
side. 

Metacarpal ITI far the largest the series, though relatively much narrower 
and more slender than the later genera the equine phylum. The shaft flattened 
palmo-dorsally, and transversely oval section; narrowest and deepest above, be- 
coming broader and shallower distally. The proximal surface nearly plane, but not 
placed nearly right angle with the long axis the shaft the Horse, rising gently 
toward the ulnar side. This facet for the magnum broader front than behind,—a 
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difference which more marked than Equus, and suddenly constricted the middle. 
The proximal surface displays facets for the trapezoid unciform. The unciform facet 
the ulnar side the head and presents altogether laterally; this facet divided 
deep groove into dorsal and palmar portions. The distal end expanded laterally just 
above the trochlea, which narrower; the carina much stouter and more prominent than 
the lateral digits, and extends farther upon the dorsal face. 

Metacarpal more slender than No. III and has narrower and less thickened head. 
The unciform facet nearly plane and triangular shape, with the apex directed pos- 
teriorly. Upon the radial side there small facet for the overlapping projection 
metacarpal III, and the ulnar side another for the head No. 

The fifth metacarpal represented vestige which carries phalanges. The head 
large me. IV, but the shaft very slender and tapers rapidly point. The 
unciform facet narrow and slightly concave from side side, the ulnar border rising 
somewhat higher than the radial. 

the more primitive species the Chadron the vestigial me. more elongate; 
those the lower still farther reduced. 

The metacarpus the Horse presents some very important changes. The fifth digit 
has entirely disappeared, the second and fourth reduced mere splint bones without 
phalanges. The median metacarpal has greatly increased breadth 
especially toward the radial side, and the distal carina has become very stout and encircles 
the entire trochlea, the dorsal well the palmar side. The dorsal unciform facet 
has become almost entirely proximal instead lateral position. Seen from the front, 
the carpo-metacarpal articulations seem have undergone little change, but the great 
increase breadth the palmar portion the head has brought the median metacarpal 
into contact with the trapezoid and unciform, thus supporting all the distal carpals. 

The phalanges Mesohippus the lateral digits are shorter, slender, and much com- 
pressed laterally; the unguals narrow and pointed. Those the median digit are longer, 
very much broader, and more symmetrical shape. The proximal one relatively much 
shorter than the Horse; the groove for the metacarpal carina confined the palmar 
half, and the distal articular surface does not extend far upon the dorsal side. The 
ungual phalanx long, broad, flattened from above downwards, and pointed. very 
different shape from the characteristic ungual the existing Equidae, chiefly its very 
much smaller dorso-palmar diameter. 


GIRDLE AND LIMB 


The pelvis Mesohippus very like that the Horse, small scale, with some 
differences detail, conditioned, doubt the much smaller size and lighter weight 
the White River animal. The neck the ilium much longer and more slender, when 
viewed from the side, but rather broader when viewed from below, owing the prominence 
the pubic border, upon which small rugose spine developed. The ilium expands more 
gradually into the broad anterior plate, which has more concave suprailiac border; the 
external angle this plate everted and thickened, but very much less than Equus; 
also less rugose. There distinct pectineal process. The acetabulum deep, with 
prominent edges, and the pit for the round ligament smaller and more median position 
than the modern forms. 
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The ischium long and quite straight; for most its length much more slender 
and rod-like, and less curved upward than Equus. The posterior portion expanded and 
depressed, sending off from its outer side long and sharp but low tuberosity. Above the 
acetabulum the border the ischium very slightly elevated into crest, which terminates 
behind shallow groove for the internal obturator tendon. The obturator foramen 
very much larger proportionately than the living forms, and consequently the posterior 
expansion the ischium much smaller. 

The pubis comparatively slender, but forms long symphysis, making the obturator 
foramen elongate oval. 

The femur Mesohippus characteristically equine appearance. The shaft quite 
long and stout, comparison with the other long bones, but slender compared with the 
modern type. When viewed from the side, presents decided sigmoid curve. The head 
small and nearly sessile, but rises somewhat above the bridge connecting with the great 
trochanter: the pit for the round ligament deep, but narrow and short. The great 
trochanter low, massive and rugose front; behind rises into high, stout hook, which 
projects far above the head; the digital fossa does not invade the shaft, but formed the 
recurved edge the trochanter. The second trochanter long, rugose, and prominent 
ridge, and the third moderately developed. The condyles, which the outer con- 
siderably the larger, are rather small and not project strongly backward; the groove 
separating them wide but shallow. The rotular trochlea broad and shallow, with edges 
which are sharp and nearly equal height. long depression runs the shaft above the 
trochlea. Above the external condyle, the posterior side the shaft, there deep 
pit for the plantaris muscle. 

the Horse, the femur has become very much stouter, and all the processes for muscu- 
lar attachment are more massive. The head sessile, and the great trochanter approaches 
nearer it, and the pit for the round ligament much larger. These changes, involve, 
considerable degree, the loss rotary movements, and the confining the motion the 
femur the vertical plane. The condyles are much more massive and prominent; the 
trochlea oblique the long axis the shaft, and its inner border greatly elevated and 
enormously thickened. 

The tibia Mesohippus long and very slender, and the shaft has slight sigmoid 
curvature. The femoral facets are slightly concave and are placed obliquely the long 
axis the bone, inclining downward and backward. The crest long and massive, 
and has the usual deep tendinal sulcus its outer edge. The distal end quite narrow, 
and the astragalar facets are deep and very oblique position, with high intercondylar 
ridge, which more prominent behind than front; the inner malleolus only moderately 
developed. 

The proximal end the fibula narrow, but quite thick the distal 
end sometimes co-ossified with the tibia, also considerable portion the shaft; 
other specimens isfree. This end expanded form stout external malleolus, which 
exhibits two facets—an internal one for the astragalus, and the posterior side the 
distal surface small one for the caleaneum. 

the Horse, the tibia has become nearly straight and very heavy; the femoral facets 
are nearly right angles the long axis the shaft; the crest very massive, but 
does not extend far down the shaft Mesohippus; the ends the fibula are in- 
distinguishably fused with the tibia and the shaft has been lost. 
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The tarsus Mesohippus very equine appearance and construction. The cal- 
caneum rather long and quite slender and compressed, the dorso-plantar diameter being 
conspicuously small; the two borders are straight and nearly parallel. This true also 
Equus, but this short, massive, and deep tuber has very different appearance. 
The distance from the superior astragalar facet the distal end very con- 
siderable; this facet forms high crest, descending obliquely toward the tibial side, and 
its posterior aspect there very distinct fibular facet. This ectal astragalar facet 
slightly prolonged its infero-external angle. The sustentaculum very prominent and 
massive, but has only proportionally narrow facet for the astragalus. The inferior 
astragalar facet narrow and limited antero-posterior extent. The cuboidal facet 
narrow, slightly concave, and obliquely placed with reference the long axis the bone, 
descending downwards and forwards. Posteriorly very little recurved inflected 
toward the tibial side. 

Equus the has become relatively shorter and stouter, the dorso-plantar 
diameter being especially increased; the sustentaculum very prominent and enlarged 
both transversely and proximo-distally. There are two ectal astragalar surfaces, the super- 
numerary facet being completely separated from the principal one. The cuboidal facet 
divided into two portions ridge, the smaller anterior one running from before back- 
wards, and the larger posterior one directed nearly transversely. This curvature and the 
transverse extension the distal end, together with the enlarged sustentaculum, give 
the plantar aspect the horse’s caleaneum very different appearance from that seen 
Mesohippus, though suggestion the modern arrangement clearly apparent the 
older genus. There facet for the fibula Equus. 

The astragalus Mesohippus has narrow, deeply incised, and obliquely directed 
trochlea, the condyles running downward and outward. The internal condyle longer 
than the external, extending beyond both above and below, and inferiorly reaching the 
navicular facet, while the external condyle separated from this facet considerable 
interval. The surface for the external malleolus narrow and some specimens quite 
strongly everted distinct process its lower end; the facet for the internal malleolus 
very much broader, and terminates inferiorly pit, into which the tip the malleolus 
fits extreme flexion. Internal this prominent tubercle for the attachment the 
astragalo-metatarsal ligament. the plantar side the astragalus three calcaneal facets 
are visible; the ectal very deeply concave, and its infero-external angle there small, 
plane surface, the beginning the supernumerary facet. The ectal facet separated 
only narrow interval from the sustentacular, and some specimens, notably those the 
larger animals, the two are contact. The sustentacular facet long, narrow, and nearly 
flat; distally, forms projection the posterior margin the navicular surface. The 
inferior calcaneal facet very small and elongate-oval shape. The distal surface for 
articulation with the navicular relatively narrow, and irregular shape. slightly 
concave from side side, and the external margin projects strongly downward; similar 
projection formed the posterior margin. Osborn has pointed out, the fossa the 
navicular surface varies much depth and The cuboidal surface very 
small, and abruptly truncates the projection the external margin already mentioned. 


Osborn, F., Trans. Amer. Philos. Soc., N.S., Vol. XVI, 546. 
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The astragalus the Horse has become decidedly broader, the trochlea more widely 
open, and the condyles thicker; the neck shorter, and the condyles overhang far 
project below the navicular surface. The supernumerary calcaneal facet quite widely 
separated from the ectal. The surface for the external malleolus broader. The dorsal 
margin the navicular facet forms nearly straight line, there being projection the 
outer edge, but the plantar projection very strongly developed. The fossa the navic- 
ular facet distinct. The cuboidal facet more completely distal than the earlier 
forms. 

The cuboid Mesohippus high and narrow, but deep planto-dorsally, and with 
short but broad and rugose posterior hook. The proximal surface somewhat oblique 
the vertical axis the bone, descending obscurely divided into two portions, 
which the dorsal one the broader; the two are the same dorso-plantar line. The 
astragalar facet very small and placed the tibial side the cuboid. There antero- 
superior facet for the navicular, the two bones being separated this point the down- 
ward projection the astragalus, but there well-marked dorso-distal facet. Pos- 
teriorly, there small projecting process, which carries two facets, superior one for the 
navicular and inferior one for the ectocuneiform. The distal surface much smaller 
than the proximal and bears slightly convex, rounded facet for the fourth metatarsal. 

the Horse, the cuboid has become very different. The facet now very 
divided into dorsal and plantar portions, though the two are still continuous, and 
the latter strongly incurved. There large dorso-proximal facet for the navicular, 
the astragalus longer intervening between the two; the posterior facet for the navicular 
and ectocuneiform much more prominent than Mesohippus. The distal surface also 
exhibits important changes. The facet for metatarsal III very much larger and alto- 
gether distal position, while that for metatarsal has become very oblique and rather 
more lateral than distal; additional facet for this metatarsal appears the postero- 
internal angle. The cuboid does not descend below the ectocuneiform. 

The navicular Mesohippus low and broad, though relatively higher and narrower 
than the existing genus. The proximal surface concave and the posterior margin 
considerably elevated its inner and outer angles; between the two the wide depression 
for the head the astragalus. There small triangular space the navicular facet, 
which extends toward, but does not reach, the fibular margin; this represents the fossa which 
occurs the Horse and more clearly shown than the corresponding structure the 
astragalus. There anterior facet for the cuboid: when the two bones are placed 
position, they divaricate anteriorly; the posterior cuboidal facet quite large and con- 
tinuous with that the ectocuneiform. The distal surface has two facets, for the ecto- 
cuneiform and the coalesced meso- and entocuneiforms respectively. The former broad, 
and sends out narrow posterior prolongation. The latter much smaller and regularly 
convex from before backwards, and does not show any definite separation into facets for 
the two elements the compound cuneiform. 

Equus the navicular broader and lower; has quite large anterior facet for the 
cuboid, and the posterior facet has become more prominent. The elevations the pos- 
terior proximal margins and the depression between them are hardly more marked than 
Mesohippus, but have become decidedly more massive and rugose. The fossa the as- 
tragalar surface deep and conspicuous and continuous over the fibular margin. The 
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facet for the coalesced cuneiforms, especially for the entocuneiform portion, has become 
decidedly but the principal increase the breadth the navicular is, Kowalevsky 
has suggested, that portion which supports the ectocuneiform. 

Mesohippus, the ento- and have coalesced. The disposition the 
equine tarsus become reduced breadth, but increased dorso-plantar depth, and 
close behind form circle, has been pointed out Riitimeyer and already very 
apparent the White River genus. The entocuneiform high and compressed, and 
sharply everted, contact with the cuboid; greatly exceeds the mesocuneiform 
vertical height, rising much above the navicular and descending much below 
distally. The navicular facets the two elements are confluent, but the distal facets are 
very distinctly separated; the latter there are two only, one the distal surface the 
mesocuneiform for the head the second metatarsal, and one the anterior face the 
entocuneiform for the hinder edge the same metatarsal. There connection with 
the median digit. The ectocuneiform high and narrow proportionally; its proximal and 
distal surfaces are D-shaped, with the curve directed anteriorly, and short, narrow tongue 
directed posteriorly from the hinder edge. The navicular surface emarginated 
small fossa the fibular edge; the distal facet also shows very shallow oval fossa, but the 
articular surface the tongue, posterior prolongation, continuous with that the 
the bone, nor its free end transversely extended. There small and sessile 
antero-inferior facet for the cuboid, and larger postero-superior one. There also the 
tibial side the posterior prolongation small facet for the second metatarsal. 

the Horse, the ento- and mesocuneiforms are co-ossified, Mesohippus, though 
some specimens all three the bones are distinct, and Forsyth Major states that, 
rare exception, the ecto- and mesocuneiforms The ectocuneiform greatly in- 
creased breadth and very low; the beak much wider, and bears its posterior 
end distinct broad facet for metatarsal III, which separated wide fossa from the 
anterior one; the latter reduced antero-posterior extent, compared with that 
Mesohippus; there normally facet cn. for the second metatarsal. The meso- 
cuneiform presents two distal facets, for the second and third metatarsals respectively. 
whole, the tarsus Equus, compared with that Mesohippus, has decreased 
height and increased breadth and depth, and especially modified the connection 
the median metatarsal with all three the distal tarsal elements. 

The metatarsus Mesohippus consists the second, third, and fourth metatarsals, 
the fifth having completely disappeared. Metatarsal very much compressed laterally, 
and has long, very slender shaft. The head expanded planto-dorsally and bears two 
facets, one proximal for the mesocuneiform, the other oblique and posterior for the ento- 
cuneiform: there also small lateral facet for the tongue the ectocuneiform, but there 
appears anterior contact with the latter. Connection with the median metatarsal 
means ill-defined facets. The distal end much compressed and slightly recurved, 
with sharp keel the plantar side the trochlea; the portion the trochlea medial 
the keel decidedly more prominent than the external portion. 

The third metatarsal very long and slender; proximally narrow and deep, distally 
becomes broader and flattened planto-dorsally. The head bears facet for the ecto- 


Riitimeyer, L., Abk. Schweiz. Palaeont. Ges., Bd. XV, 17. 
Major, Forsyth, Abh. Schweiz. Palaeont. Ges., Bd. IV, 62. 
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cuneiform, which broad, with rounded anterior margin and narrow posterior tongue 
beak. The articular surface continuous over the proximal end, being only slightly 
interrupted small fossa. There facet for the cuboid, which very significant 
difference from Miohippus and Pediohippus. There are two small facets for the fourth 
metatarsal, which are placed very near together. The distal end the shaft quite broad 
and has two lateral tubercles for ligamentous attachments; the trochlea narrower and 
terminated above deep pit. The carina more prominent than the median meta- 
carpal, and there very obscure indication upon the dorsal face. The proportions 
this digit vary considerably the different specimens, being decidedly stouter some 
than others. 

The second metatarsal rises higher than the third, and the third higher than the 
fourth. The latter slightly stouter than the second and has more thickened and rugose 
head; bears single facet for the cuboid, but there some individuals posterior 
prolongation this, which may regarded the beginning second one. 

Equus there are very important changes aside from the great development the 
median digit, and the reduction the lateral ones splint bones, accompanied the loss 
their phalanges. The head metatarsal now has the facet for the entocuneiform 
proximal, and that for the mesocuneiform oblique and anterior. 

The head metatarsal III has four distinct facets, three anterior for the meso- and 
ectocuneiforms and cuboid respectively, the latter altogether proximal position; the 
fourth facet posterior and for the beak the ectocuneiform, and separated large 
fossa from the anterior surface for that bone. The transverse breadth the posterior 
facet very striking compared with the same structure Mesohippus. The head 
metatarsal provided with two distinct facets for the cuboid. The distal end the 
shaft the median metatarsal not produced laterally beyond the trochlea, and there 
pit above the latter. 

The phalanges the pes Mesohippus are slightly narrower and shorter than those 
the manus, but are otherwise like them. 

Species. The problem concerning the number valid genera and species White 
River horses like that which have already encountered connection with almost 
every mammalian genus the entire fauna. Three genera and more than twenty species 
White River equines have been named, undoubtedly too many species. the same 
time, must remembered that the horses were undergoing rapid development the 
Oligocene and each the three substages the White River has its own forms, whatever 
taxonomic rank assigned them. There already certain stratigraphic order dis- 
cernible and, especially, notable increase stature conspicuous from the earlier the 
later substages. 

Furthermore, there are geographical differences and varying facies, the significance 
which not aiways discernible. the Canadian province Saskatchewan, the Cypress 
Hills and Swift Current deposits have yielded fauna unmistakable White River aspect 
and yet almost all the species differ from those the United States, though, with few 
exceptions, the genera are those the Chadron substage. Most these beds are in- 
terpreted being somewhat older than the Chadron the Nebraska-Dakota area, which, 
turn, appears rather later than the Pipestone Creek beds Montana, though the 
Canadian area believed include all three the White River substages. All three 
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regions seem represent subdivisions the Chadron substage and all them slightly 
different time. 

The geographical facies cannot arranged any definite order, though the deposits 
south-eastern Wyoming (Goshen Hole). are correlated with the upper concretionary layer 
the middle oreodont zone South Dakota. Between these two areas, however, there are 
great facial differences; the Big Bad Lands, for instance, species Merycoidodon are, 
far, the most abundant fossils, Goshen Hole they are very rare and much the com- 
monest fossils are equines the two genera Mesohippus Marsh and Pediohippus Schlaikjer 
and the horses the two areas are, for the most part, the same species, but extra- 
ordinarily different statistical proportions; Mesohippus barbouri, for example, rare 
Dakota, but excessively abundant Wyoming, where bairdii, the common species 
the Big Bad Lands, entirely wanting. Perhaps, the difference altitude the explana- 
tion here. 

very important contribution the study the White River equines was made 
Dr. Schlaikjer his account the collections made Goshen Hole, Wyoming, 
1930 for the Harvard Museum. Several hundred individuals, referred two genera and 
three species, were obtained this locality and them the author says: 

occurrence many individuals whose remains accumulated, designated 
stratigraphic evidence, comparatively short time particularly welcome and 
striking significance. For the first time possible say with reasonable certainty how 
much variation expected, the dentitions least, the earlier the Oligocene 
horses. Likewise, should called mind that this period probably the most critical 
the evolution the horse, for the direct ancestral forms least five important late 
Oligocene and early Miocene genera were being established. Perhaps never 
not since that time has there been such adaptive radiation the 

The following arrangement the and genera the White River equines 
purely tentative; definitive classification will not practicable until the beds shall have 
been accurately zoned and until large number well-preserved individuals, sufficient 
show the amount fluctuating variability, shall have been obtained. excellent begin- 
ning this work elimination has been made Schlaikjer’s paper, above cited. 


CHADRON SPECIES, SMALLER AND MORE PRIMITIVE 
Lower Chadron Species 
Mesohippus celer Marsh 
Anchitherium celer Marsh: Amer. Journ. Sci., 3rd Ser., Vol. VII, 251, 1874. 
Mesohippus celer Marsh: Ibid., Vol. IX, 248, 1875. 
Miohippus celer Hay: Bull. Geol. Surv., No. 279, 613, 1902. 

The original description reads: ‘‘The smallest species from the American Tertiary 
indicated some fragmentary remains the Yale Museum, from the Miocene Nebraska. 
These fossils pertain fully adult animal, which was about two-thirds the size Anchi- 
therium Bairdi. The orbit placed well forward. The ridge below especially promi- 
nent, and much elevated above the molar teeth. The crowns the latter are remarkably 
short. The four posterior molars have their inner margins The last upper molar 
quite 


Schlaikjer, M., Bull. Mus. Comp. Harvard, Vol. pp. 141-8. 
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MEASUREMENTS 
Space occupied last m.............. mm. Ant.-post. diam. last 8.5 mm. 
Extent upper true molars........... Transverse 
Ant.-post. diam. last upper pm........ Distance lower margin orbit above 


this description Osborn series somewhat smaller than those 
protoloph and metaloph nearly equal length; molar crowns short, brachyodont, 


Horizon: Chadron. 


Mesohippus latidens Douglass 
Mesohippus latidens Douglass: Ann. Carnegie Mus., Vol. II, 161, 1903. 


Douglass’ diagnosis reads: ‘‘The most striking distinguishing characteristic the 
teeth the extreme transverse compared with the antero-posterior diameter and much 
greater width the anterior than the posterior 

Osborn adds: Much more progressive than westoni; protoloph and metaloph more 
elevated; internal cingulum not continuous; hypostyle wanting; distinguished from 
westoni and celer prominent parastyle and elongate 


MEASUREMENTS 


Horizon: Chadron (Thompson’s C’k). 
Locality: Thompson’s Creek, near Three Forks, Mont. 


Mesohippus montanensis Osborn 
Mesohippus montanensis Osborn: Bull. Amer. Mus. Nat. Hist., Vol. 170, 1904. 


from celer full size M3; from westoni sharp elevation 
crests and absence internal latidens smaller parastyle and subequal 
length protoloph and metaloph. Molars more quadrate form than latidens. 
Protoconule quite distinct protoloph; metaconule well defined base metaloph. 
Hypostyle absent extremely rudimentary. 

forefoot associated with single the same species exhibits large splint 
met. (Osborn, loc. cit.) 

the type-specimen the dimensions the first upper molar, are 10.5 mm. ant.- 
post. diam. mm. transverse. 


Horizon: Chadron. 
Locality: Pipestone Creek, Montana. 


Osborn, F., Mem. Amer. Mus. Nat. Hist., Vol. II, 38. 
Osborn, F., Bull. Amer. Mus. Nat. Hist., Vol. XX, 170. 
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Upper Chadron Species 
Mesohippus hypostylus Osborn 
Mesohippus hypostylus Osborn: Bull. Amer. Mus. Nat. Hist., Vol. XX, 170, 1904. 
from the preceding species (1) clearly defined but rudimentary 
hypostyle just budding off from the posterior cingulum, (2) protoloph tending unite 
with paracone; from bairdi more rudimentary hypostyle and less elevated crests. 
Metaloph sharp; metaconule not defined base. Skull with pre-orbital fossa 
apparently deeper than (Osborn, loc. cit.) 


MEASUREMENTS 


Horizon: Upper Chadron. 
Locality: Cheyenne River, So. Dak. 


Mesohippus proteulophus Osborn 
Mesohippus proteulophus Osborn: Bull. Amer. Mus. Nat. Hist., Vol. 171, 1904. 


relatively large animal for the Titanotherium Beds and the oldest horse 
known with perfect crests the molar teeth—hence the name proteulophus. The superior 
molars are readily distinguished by: (1) their large measure mm. compared 
with 33.5 bairdi; (2) the primitive absence distinct hypostyle; (3) especially 
the very advanced progressive condition the proto- and metalophs which are continued 
the ectoloph, and are very little divided, thus resembling those eulophus; (4) the 
external cingulum sweeps upward across the parastyle instead rising with it. The 


Horizon: Upper Chadron. 
Locality: Near Cheyenne River, So. Dak. 


MEDIUM-SIZED SPECIES THE LOWER BRULE 
Mesohippus bairdii (Leidy) 


Palaeotherium Bairdii Leidy: Acad. Nat. Sci. Philad., Vol. 122, 1850. 
Anchitherium Bairdii Leidy: Owen’s Rep’t. Geol. Surv., ete., 572, 1852. 

Anchitherium Bairdi Leidy: Journ. Acad. Nat. Sci. Philad., 2nd Ser., Vol. VII, 303, 1869. 
Mesohippus bairdi Marsh: Amer. Journ. Sci., 3rd Ser., Vol. 248, 1875. 

Mesohippus bairdii and W.: Bull. Amer. Mus. Nat. Hist., Vol. VI, 213, 1894. 


The name this species almost universally given bairdi, even the two 
bibliographies Hay and the Palmer, but the original spelling Leidy’s papers 
1850 and 1852 and this form was revived Osborn and Wortman, noted 
above. 

Osborn defines this species follows: Skull with distinct lachrymal fossa; (2) 
cranial (orbito-postorbital) region exceeds facial (preorbital) region length; (3) molars 


Osborn, F., Mem. Amer. Mus. Nat. Hist., Vol. pp. 41-2. 
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with crests interrupted and moderately elevated; (4) small hypostyle present small 
bud crest connected with posterior cingulum; (5) protoloph tending unite with para- 
style, interrupted protoconule; (6) metaloph relatively sharp and continuous; (7) para- 
style tending connect with protoloph; (8) internal cingulum present medivallum 

The following measurements are from A.M.N.H. No. 1477 which, Osborn says, 
identical with Leidy’s type.”’ 

For convenience comparison, most Schlaikjer’s measurements the type speci- 
men barbouri, M.C.Z. No. 17,641, are repeated the following table. A.M.N.H. 
No. 1492 smaller individual from different locality. 


MEASUREMENTS 
M.C.Z. 
No. 17,641 No. 1477 No. 1492 
Upper dentition, length 106 mm. 
Upper cheek-tooth series, length............... 
Upper premolar series, length................. 
Upper molar series, length.................... 
Upper canine, ant.-post. diam................. 
Lower dentition, length i7-m3................ 106 105 
Lower cheek-tooth series, length............... 
Lower premolar series, length................. 
Skull, extreme length, wing........ 200 178 
24.5 
Skull, max. width over zygom. arches.......... 
Cranium, length ant. bord. orbit.......... 105 102 
Occiput, height fr. 
Mandible, length symphysis................ 
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MEASUREMENTS (Continued) 


Third cervical, length centrum.............. 
Fifth cervical, length centrum.............. 
First dorsal, length centrum................ 
First lumbar, length centrum............... 
Fifth lumbar, length centrum............... 


Fifth lumbar, breadth over transv. proc 


Humerus, length fr. 
Humerus, length fr. ext. tubes................ 
Metacarpal II, prox. width................... 
Metacarpal III, prox. 
Metacarpal dist. width................... 
Metacarpal IV, prox. width................... 
Metacarpal IV, dist. 
Metacarpal prox. width.................... 
Digit II, phalanx prox. width............... 
Digit III, phalanx length................... 
Digit III, phalanx prox. width.............. 
Digit III, phalanx prox. width.............. 
Digit III, ungual, prox. width................. 
Digit IV, phalanx prox. width.............. 
Digit IV, phalanx length................... 
Digit IV, phalanx prox. width.............. 
Digit IV, ungual, prox. width................. 


No. 1477 


mm. 


937 


No. 1492 


No. 17,641 
117 
134 142 131 
130 117 
117 
146 128 
10.5 
8.5 
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MEASUREMENTS (Continued) 


A.M.N.H 


No. 17,641 No. 1477 No. 1492 
Pelvis, width over acetabula.................. 109 
Obturator foramen, ant.-post. diam............ 
Femur, length from g’t trochanter............. 174 224 182 
Femur, length from 157 167 
Patella, prox.-dist. diameter................... 
Patella, transverse diameter.................. 
width over sustentac.............. 
Metatarsal II, dist. 
Metatarsal prox. width................... 
Metatarsal IV, prox. width................... 
Metatarsal IV, dist. 
12.5 
Digit II, phalanx prox. width............... 
Digit II, phalanx prox. width............... 
Digit III, phalanx prox. width.............. 
Digit III, phalanx prox. width.............. 
Digit IV, phalanx length................... 
Digit IV, phalanx prox. width.............. 
Digit IV, phalanx length................... 
Digit IV, phalanx prox. width.............. 


Horizon: Lower Brulé (‘‘lower Oreodon Osborn). 
Locality: Very widely distributed South Dakota, Nebraska and Colorado; Leidy’s 


type-specimen believed have been found the head Bear Creek, Pennington Co., 
So. Dak. 
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Mesohippus obliquidens Osborn 


Mesohippus obliquidens Osborn: Bull. Amer. Mus. Nat. Hist., Vol. 173, 1904. 
the larger horse the Oreodon Beds, with long-crowned teeth. 
from other species the Oreodon Beds (1) large size skull and 

teeth compared with bairdi, (2) pre-orbital fossa shallow wanting, (3) but es- 

pecially the high crowns upper and lower molars. (4) metaloph elevated, meta- 

conule not being clearly defined, (5) proto- and metalophs directed obliquely backward 

sharp angle with (Osborn, loc cit.) 

The type-specimen was derived from young animal, with dp2 and p4, and 
place; Schlaikjer describes the upper jaw adult and says it: ‘‘This species 
based fragmentary skull and jaws immature individual the American Museum 
collection. was collected from the same geological level the South 
Dakota Badlands and only occasionally found the Harvard quarry [Goshen Co., Wyo. 
The teeth this species are approximately fifteen per cent larger than those 
The molars are more hypsodont and each tooth more rhomboidal Meas- 
urements. Lower jaw from condyle symphysis, 0.149: a.p. 0.013, tr. (Os- 
born, op. cit., 48.) 


Horizon: Lower Brulé: Oreodon Zone.” 
Locality: Big Bad Lands, So. Dak.; Goshen Hole, Wyo. 


Mesohippus barbouri Schlaikjer 
Mesohippus Schlaikjer: Proc. Club, Vol. XII, 36, 1935. 


(1) Strikingly developed alveolar portion the premaxillaries; (2) 
large, deeply cupped incisor teeth; (3) premolar-molar series especially long proportion 
the skull’s length; (4) tooth crowns very tall; (5) incisor alveoli mandible broadly ex- 
panded; (6) inferior incisors large and with tall crowns; (7) inferior canine very incisiform 
and set close against i3; (8) inferior premolars and molars presenting only minute indica- 
tions external cingula; (9) the posterior dorsal and lumbar vertebrae forming curvature 
the vertebral column, when articulated; (10) scapula small; (11) humerus very short 
proportion the length III; (12) mere nodule bone; (13) lateral and 
mesial digits reduced they were non-functional standing position; (14) femur very 
short proportion length mt. loc. cit.) 

This form very rare the Big Bad Lands South Dakota, where only the type- 
specimen, unusually complete skeleton, has been found. Goshen Hole, Wyo., 
the contrary, multitudinously represented and not all; possibly, 
therefore, should regarded geographical race the latter species, but the differ- 
ences the proportions the limb-bones and metapodials render this unlikely. 

Most Schlaikjer’s measurements are reproduced the tables pp. 936-8, com- 
parison with those bairdii, but few, for which there was place those tables, 
are given below. 


MEASUREMENTS 
5.5 mm. I2, transverse 
antero-posterior diameter........... 5.5 height 10.5 


Schlaikjer, M., Bull. Mus. Comp. Harvard, Vol. 147. 
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Horizon: Lower Brulé; part middle oreodont zone.”’ 
Localities: Goshen Co., Wyo. (very abundant); Big Bad Lands, So. Dak. (very rare.) 


Mesohippus eulophus Osborn 
Mesohippus eulophus Osborn: Bull. Amer. Mus. Nat. Hist., Vol. XX, 173, 1904. 


from bairdii (1) deep preorbital lachrymal fossa, which deeper 
also than hypostylus; (2) large size m3; (3) protoloph with very faint protoconule, 
and strongly connected with parastyle, constituting nearly perfect anterior 
also continuous; (4) meteulophus exceed linear measurement 
(5) slightly narrower than m1; (6) series grinding teeth, narrowing anteriorly. 

shorter length than p1-3. 

name eulophus was assigned (Osborn, 1904, 173) reference the relatively 
perfect continuous and uninterrupted condition the transverse crests. The species 
was regarded apparently ancestral Miohippus meteulophus the Leptauchenia Zone 
and Hypohippus the Miocene.” (1915) regards this probably sub- 
species geographical variation Mesohippus 


MEASUREMENTS 
Upper cheek-tooth series, length......... mm. ant.-post. diameter............... 12.3 mm. 
Upper molar series, length.............. M1, transverse diameter.............. 


Horizon: Lower Brulé; ‘‘upper Oreodon Zone (Horizon 
Locality: Cedar Creek, Colorado. 


INCERTAE SEDIS 
?Mesohippus longipes Osborn and Wortman 


longipes and W.; Bull. Amer. Mus. Nat. Hist., Vol. VII, 214, 1894. 
?Colodon longipes and Ibid., Vol. VII, 366, 1895. 


This puzzling fossil and, until its teeth shall have been identified, will remain 
paradox; the typical and, hitherto, the only known specimen hind-leg and foot 
(A.M.N.H., No. 694) unusually complete state preservation. The original de- 
scription the tarsus reads: ‘‘The caleaneum has long tuber calcis and displays small 
fibular facet; the ectal superior calcaneo-astragar facet separate, while the ectal and 
inferior facets are continuous, thus differing widely from the separate facets 
and resembling those H[yracodon] nebrascensis. the other hand, the astragalo- 
tibial grooves the ankle-joint are much sharper than any known species Hyracodon 
and resemble those the Horses. The cuboid articulates with the astragalus very 
narrow facet both the Horses and the Hyracodons. The navicular displays deep 
postero-external facet for the cuboid. The ectocuneiform very deep with external 
facet for metatarsal IV. The mesocuneiform short. The entocuneiform has small 
navicular facet. 

toes spread the lateral pair are relatively larger and more oval section 
than bairdii. The proximal phalanges are much longer relatively than the typical 
Horses. All together very doubtful where this animal belongs. widely distinct 
from both the known lower Miocene Horses and Hyracodons. 


Osborn, F., Mem. Amer. Mus. Nat. Hist., N.S., Vol. II, pp. 47-8. 
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specific characters are: (a) Metatarsals long and slender, slightly spreading 
Sustentacular and inferior calcaneo-astragalar facets 
Astragalo-tibial grooves sharp. (d) Fibula complete, but greatly reduced and closely 
applied 

This far the largest the Lower Brulé equines; the height the 

Colodon, although differs some important particulars from the fragmentary materials 
which already know Colodon occidentale some respects resembles the 
Horses, but the same time presents such striking differences from any known member 
this series absolutely prohibit its reference any the Equidae. These differences 
may summarized follows: (1) the continuity the ectal and sustentacular facets the 
astragalus, the Rhinoceroses and the Hyracodons generally; (2) the great vertica] 
depth the ectocuneiform; and (3) the articulation metacarpal with 
the ectocuneiform, thus excluding the contact between the cuboid and metacarpal [meta- 
III, extremely constant and highly diagnostic feature all the 

Discoveries made since that passage was written give very different aspect this 
questionable specimen. The character the astragalus Colodon tapiroid, not all 
horse-like, that ?M. longipes obviously is. Mesohippus distinguished from 
Pediohippus, Miohippus and all the subsequent genera the family the articulation 
metatarsal with the ectocuneiform, thus excluding metatarsal III from contact with the 

cuboid. confluent facets the plantar side the astragalus and the very elongate 
ectocuneiform may merely individual variations, or, more they may have 
taxonomic significance. seems likely that this foot may represent undescribed genus, 
but clearly belonging the Equidae. 
The authors give measurements this species, but is, far, the largest the 
lower Brulé equines. 

Horizon: Lower Brulé: ‘‘just above the ‘nodular layer’ the sandstones and clays 
the upper ‘Oreodon 

Locality: Not given, probably the Big Bad Lands So. Dak. 
The two following species are indeterminable, for the types have been lost and Cope’s 
descriptions not suffice fix their position. 


Mesohippus exoletus (Cope) 


Anchitherium exoletum Cope: Ann. Rep’t. Geol. and Geogr. Surv. Terr’s for 1873, 
496, 1874. 
Mesohippus exoletus Osborn: Mem. A.M.N.H., N.S., Vol. 47, 1918. 


species (Osborn, loc. cit.) 


Mesohippus cuneatus (Cope) 


Anchitherium cuneatum Cope: Palaeont. Bull., No. 16, 1873. 
Mesohippus cuneatus Osborn: Mem. A.M.N.H., N.S., Vol. 47, 1918. 


species must regarded (Osborn, loc. cit.) 
Osborn, F., and Wortman, L., Bull. Vol. VII, 366, 1895. 
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All the horses dealt with this monograph were collected the United States, but 
mention should made several names that have been applied fossils found the 
Cypress Hills Canada. Because the impracticability visiting the museum 
Ottawa, have not taken into account the fossils found the Province Saskatchewan, 
except the cases and which are important for under- 
standing the American fauna. For the species Mesohippus which have been named 
Cope and Lambe from the Cypress Hills nothing more than list required, list which 
seems unduly long, but the lack knowledge concerning the stratigraphy the 
region and the impossibility determining whether these are contemporary 
successive, useful revision can made. The names, should noted, are all different 
from those given American forms. 


Mesohippus westoni (Cope) 
Anchitherium Cope: Amer. Naturalist, Vol. 153, 1889. 


Mesohippus praecocidens Lambe 
Mesohippus praecocidens Lambe: Trans. Roy. Soc. Canada (2), Vol. XI, 46, 1905. 


Mesohippus propinquus Lambe 
Mesohippus propinquus Lambe: 47. 


Mesohippus stenolophus Lambe 
Mesohippus stenolophus Lambe: 48. 


Mesohippus planidens Lambe 
Mesohippus planidens Lambe: 49. 


Mesohippus assiniboiensis Lambe 


Mesohippus assiniboiensis Lambe: 50. 


the passage from the lower the upper Brulé remarkable change the horses 
took place: Mesohippus would seem have disappeared altogether, or, least, had become 
very rare, its place being taken the nearly allied Miohippus, while Pediohippus con- 
tinued. Another very striking change was stature, for all the species the upper beds 
are far larger than those the lower, the problematical ?Mesohippus longipes excepted. 
The horses the two facies the upper Brulé, the channel sandstones and the Leptauchenia 
clays, referable different species, presumably because difference habitat. 


Pediohippus Schlaikjer 


Mesohippus Osborn (nec Marsh) part: Mem. Amer. Mus. Nat. Hist., N.S., Vol. II, 47, 
ff. 1918. 

Miohippus Osborn (nec Marsh) part: pp. 

Pediohippus Schlaikjer: Bull. Mus. Comp. Harvard, Vol. 141, 1935. 
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The original description is: ‘‘Generic characters. Metaloph with crochet but not 
united ectoloph except later forms. Upper incisors deeply cupped and cingule 
lower incisors larger than Mesohippus. metatarsal 

The crochet highly significant feature and points Pediohippus the actual 
ancestor all the upper Oligocene and later equine genera, except the persistently brachyo- 
dont, browsing phylum, exemplified Anchitherium and Hypohippus, which crochet 
was developed. 

crochet Pediohippus antiquus shows certain amount variation and some 
teeth seems transitional One specimen the latter M.C.Z. 
No. 2791 almost indistinguishable from except for the development 
incipient crochet the last molar. too, there occasional specimen with 
crochet and but none M1. Table measurements are listed for six 
specimens The figures given show fair amount variation which due 
mainly discrepancy size rather than difference proportions. Likewise struc- 
tural differences dentition are peculiarly few. The hypostyle, for example, remarkably 
constant its form and position. comprised enlargement the central 
area the posterior cingulum which connected with the postero-internal face the hypo- 
cone Occasionally shows digression from this usual pattern the 
absence the conule and therefore more primitive that 143-4.) 

The skeleton this genus resembles closely that Mesohippus, the only important 


differences being the articulation metatarsal III with the cuboid, character which 
Pediohippus shares with Miohippus. 


Pediohippus antiquus Schlaikjer 
Pediohippus antiquus Schlaikjer: Bull. Mus. Comp. Harvard, Vol. 141, 
1935. 


characters. Somewhat larger than Mesohippus Teeth hypso- 


size. Styles teeth rather weakly developed.” (Loc. cit.) The subjoined table. 
condensed from Schlaikjer. 


M.C.Z M.C.Z 
Type 2942 Variation 

38.8 36.7 39.2 2.6 
40.7 39.9 42.2 5.5 
13.2 12.1 13.6 1.5 
15.5 13.5 15.4 2.3 
15.1 13.3 1.8 
16.1 15.3 17.5 2.1 
17.6 15.6 17.7 2.1 
15.4 13.7 15.2 1.7 
Ma, 14.9 13.9 13.6 1.9 
M3, 16.6 15.6 15.2 1.4 


oF: 
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Horizon: Lower Brulé; part middle oreodont 
Locality: Goshen Hole, Wyoming. 


Pediohippus trigonostylus (Osborn) 


Mesohippus trigonostylus Osborn: Mem. A.M.N.H., Vol. II, 47, 1918. 
Pediohippus trigonostylus Schlaikjer: Bull. M.C.Z. Harvard, Vol. 144, 1933. 


The original diagnosis reads: specific name trigonostylus refers the pro- 
gressive triangular form the plications the hypostyle, which highly distinctive. 
From the rudiment the hypostyle the post-cingulum, seen the stage, 
cruciform plication extends anteriorly toward the metaloph, branching into external 
pli hypostyle and internal spur which connects with the metaloph. This condi- 
tion the hypostyle very different from that seen any other Middle Oligocene 
species. (Osborn, loc. cit.) 

The author gives dimensions but says: Measurements may taken from the 
type These yield the following results: 


this account Schlaikjer adds: excavation has revealed distinct crochet 
M3. This, course, was not mentioned Professor Osborn’s original description; 
neither was shown the original figure. Stratigraphically this specimen occurs the 
Metamynodon sandstone which slightly older than the beds the Harvard 
[in Goshen Hole 

This species particular interest being the most ancient and primitive member 
the genus; aside from the tarso-metatarsal joints, which are not known this species, 
differs from Mesohippus only the minute and seemingly trivial character the crochet 
but the subsequent history the genus and the family show that this almost in- 
visible structure great significance. the succeeding species the crochet appears 
all the grinding teeth, except the vestigal antiquus, somewhat higher horizon, 
all the molars display the crochet and, brachystylus, the upper Brulé, all the teeth 
from have acquired it. the later equine genera, the Miocene and Pliocene, 
the crochet becomes increasing importance. 


Horizon: ‘‘Metamynodon sandstones the Middle Oreodon 
Locality: Cheyenne River, Big Bad Lands, So. Dak. 


LARGE SPECIES THE BRULE 


before mentioned, there very noteworthy change the horses between the 
lower and the upper Brulé; Mesohippus seems have disappeared, or, least, have 
become very rare. Pediohippus persisted through the whole the upper Brulé while 


Schlaikjer, M., Bull. M.C.Z. Harvard, Vol. 144. 
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new genus, Miohippus, made its appearance and continued into the John Day, where 
reached its highest development. Another very marked change the greatly increased 
size the upper Brulé species, which attention has already been called; conspicuous 
exception the questionable ?Mesohippus longipes, the lower Brulé. 


Pediohippus brachystylus (Osborn) 


Mesohippus brachystylus Osborn: Bull. A.M.N.H., Vol. XX, 175, 1904. 
Miohippus brachystylus Osborn: Mem. A.M.N.H., N.S., Vol. II, 53, 1918. 
Pediohippus brachystylus Schlaikjer: Bull. M.C.Z. Harvard, Vol. 144, 1933. 


Osborn’s first diagnosis reads: ‘‘The name refers (1) the broad, rounded parastyle, 
readily distinguishable from the flattened angulate parastyle meteulophus 
and Hypohippus. 

species further distinguished by: (2) depressed proto- and metalophs, (3) 
protoloph interrupted, with large oval protocone and distinct protoconule, uniting externally 
with parastyle, bairdi [sic], (4) ectoloph with broad, prominent, rounded para- 
style and defined mesostyle, ribs defined, (5) hypostyle connected with cingulum but giving 
off strong outward spur, (6) broad, shallow preorbital (Osborn, loc. cit.) 

(mm.): 0.082; 0.038; a.p. 0.0135, tr. 0.0175; 
tr. 0.0155.” 

The description published 1918 adds nothing importance the foregoing, but 
Schlaikjer notes briefly: ‘‘This species was found the Leptauchenia beds the upper 
Oligocene. crochet present forms excellent intermediate stage 
between Pediohippus antiquus and Parahippus (Loc. cit.) 


Horizon: Upper Brulé, Leptauchenia clays. 
Locality: Near Cheyenne River, Big Bad Lands, So. Dak. 


Pediohippus gidleyi (Osborn) 
Mesohippus gidleyi Osborn: Bull. Vol. XX, 178, 1904. 
Miohippus gidleyi Osborn: Mem. A.M.N.H., N.S., Vol. II, 56, 1918. 
Pediohippus Schlaikjer: Bull. M.C.Z. Harvard, Vol. 145, 1933. 


The original diagnosis is: species readily distinguishable the moderately 
elongate crown, the interrupted transverse crests (proto- and metalophs) the premolar 
teeth, the nearly quite continuous internal cingulum the grinders. affinities are 
with the genus Miohippus Marsh. 

animal also somewhat larger than intermedius, which, however, resem- 
bles: (1) the presence preorbital fossa, (2) the sharpness the metaloph the molars. 
more primitive than intermedius (3) the somewhat larger size (4) hypo- 
style large but still connected with posterior cingulum, (5) internal cingulum persisting 
quite strong, especially the premolars, (6) ectoloph more elevated than the protoloph 
metaloph. 

characters which may prove distinctive are (7) the crenulation the 
enamel surface the premolars especially, (8) rudimentary spur crochet from metaloph, 
(9) external cingulum tends cross base parastyle, (10) protoloph longer than metaloph 
(Osborn, 1904, 178.) 
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this Schlaikjer adds: species somewhat larger than intermedius. 
The crochet present has progressed over brachystylus only size,— 
being considerably larger than Parahippus pristinus and probably not ancestral the 

Measurements: Upper cheek-tooth series, length 0.0975; Upper molar series, length 
0.042; ant. post. 0.0145; transv. 0.019. (Fide Osborn.) 

Horizon: Upper Brulé, channel sandstones. 

Locality: Cheyenne River, Big Bad Lands, So. Dak. 


Pediohippus intermedius (O. and W.) 


Mesohippus intermedius Osborn and Wortman: Bull. A.M.N.H., Vol. VII, 354, 1895. 
Miohippus intermedius Osborn: Mem. A.M.N.H., N.S., Vol. II, 54, 1918. 
Pediohippus intermedius Schlaikjer: Bull. M.C.Z. Harvard, Vol. 145, 1933. 


The original description this species Osborn and Wortman is, part, follows: 
species based almost complete skeleton (No. 1196) from the sandstones the 
Protoceras layer the White River. There are, moreover, numerous other specimens 
from the same layer both the White and Cheyenne River localities. 

specimens all agree very closely size, and average nearly one-third larger 
than bairdii from the lower Oreodon layer. comparison the length the median 
metapodials different individuals follows: 


intermedius 
.107 .151 
Length median metapodial, hind foot 
117 151 
.080 
Length median metapodial, fore foot 


will seen from this table that there marked increase the size and length 
the 

important distinction between and intermedius seen the 
degree cupping the incisors. bairdii the two outer incisors are very distinctly 
cupped, but the median pair show traces whatever. intermedius, the other 
hand, the median pair are slightly but distinctly cupped. this respect the incisors 
intermedius stand exactly half-way between those bairdii and the John Day 
species, Anchitherium praestans. 

chief distinctions between intermedius and Anchitherium praestans are seen 


the cupping the median pair incisors, the greater enlargement the parastyle 


the second superior premolar, the union the posterior cross-crest with the outer wall 
the superior molars and premolars, the greater reduction the lateral metapodials and the 
larger size the latter and W., op. cit., pp. 354-6.) 

his elaborate study Tertiary horses, published 1918, Osborn added some im- 
portant particulars, which follow: 

Measurements: length cond. prmx. symph., 0.218; 0.088; 
0.040; ant.-post. diam. 0.0135; transv. 0.018.” 
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(Osborn Wortman, 1895, Osborn, 1918.) (1) Skull with large and 
apparently undivided lachrymal fossa the shallow vertically broad type; (2) cranial 
exceeds facial length. (3) Premolars exceeding molars width, (4) premolars 
exceeding molars length; (5) molars bunoselenodont character, lophs interrupted, 
protocone large; (6) hypostyle separate and distinct only slightly connected with pos- 
terior cingulum, some specimens. Despite the foregoing progressive characters; 
(7) protoloph decidedly interrupted protoconule; (8) molars more brachyodont than 
meteulophus; (9) parastyle broad and rounded when worn, brachystylus and 
(10) characteristic feature this species the long and rather slender 
metapodials combined with short phalanges; leads into 

transferring intermedius his new genus, Pediohippus, Schlaikjer says: Mio- 
hippus intermedius (Osborn Wortman). This species from the upper Oligocene 
the upper Brulé]. cannot regarded directly ancestral Parahippus pristinus, 
however, because: The superior incisor teeth are not advanced Mesohippus bar- 
and Pediohippus antiquus the middle Oligocene lower Brulé]. The teeth 
are considerably larger and the premolars are proportionately too broad. crochet 
developed only interest note that not only has crochet but the 
metaloph united with the ectoloph. This tooth which frequently the most primitive 
the series the most advanced Pediohippus, for this genus the first tooth 
possess crochet and the first have the metaloph united with the 

Horizon: Upper Brulé, channel sandstones. 

Locality: Near Cheyenne River, Big Bad Lands, So. Dak. 


INCERTAE SEDIS 
?Pediohippus portentus (Douglass) 


Mesohippus portentus Douglass: Ann. Carnegie Mus., Vol. IV, 268, 1908. 
Mesohippus portentus Osborn: Mem. A.M.N.H., N.S., Vol. II, 40, 1918. 
Pediohippus portentus Schlaikjer: Bull. M.C.Z. Harvard, Vol. 144, 1933. 


The only known specimens referable this species are five loose teeth, which only 
two are connected, two lower molars and three upper teeth, premolar and two molars, 
found loose the surface near Pipestone Creek, Montana. these teeth been col- 
lected the upper Brulé, the John Day, there would nothing surprising about them, 
but they are advanced and specialized, much more than any known species the 
lower Brulé, make their occurrence the Chadron, sub-Chadron, seem quite in- 
credible. the other hand, there are beds higher horizon, whence these teeth might 
have been derived, known the Pipestone Creek area. The explanation the paradox 
must await future discoveries. 

The original description Douglass follows: ‘‘(1) Size and (2) crests molars 
high for horse from this horizon, (3) ectoloph very oblique, (4) protoloph and metaloph 
nearly equal length, (5) protoloph large and connected with the parastyle, (6) metaloph 
narrow and nearly connected with ectoloph, (7) protoconule easily distinguishable, but 
(8) metaconule absent, (9) crochet the metaloph, and (10) small conule the pos- 


Osborn, F., Mem. A.M.N.H., N.S., Vol. II, pp. 54-5. 
Schlaikjer, M., Bull. M.C.Z. Harvard, Vol. 145. 
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terior valley the tooth, (11) rudiment cingulum between protocone and hypocone, 
(12) parastyle and (13) hypostyle (Douglass, loc. cit.) 

The author selected his type-specimen second upper molar the right side, 
which gave the following measurements: Antero-posterior diameter crown 13.3 mm., 
transverse diameter mm., length protoloph 12.2 mm., length metaloph mm., 
height hypocone 8.1 

Osborn was struck the advanced specialization these teeth and wrote them: 
exceptionally progressive character these type molar teeth, including the purely 
lophoid metaloph and the rudimentary crochet, indicate that this animal may belong 
higher geologic horizon than the Titanotherium (Osborn, 1918, 41.) 

Schlaikjer the same opinion; transferring the species his Pediohippus, 
writes: ‘‘This species was described Mr. Douglass 1908 from the ‘Lower White 
River beds, Pipestone Creek, near Whitehall, Montana.’ The type 
second right superior molar the metaloph which well developed crochet and the 
close approximation the metaloph the ectoloph certainly indicate form too advanced 
for the lower Oligocene. This form very close ‘Miohippus’ (Osborn) the 
upper Oligocene and when more completely known may found represent the same 

Horizon: ??Chadron. 

Locality: Pipestone Creek, Mont. 


Miohippus Marsh 


Anchitherium Leidy Meyer): Proc. Acad. Nat. Sci. Philad., Vol. 113, 1870. 
Miohippus Marsh: Amer. Journ. Sci., 3rd Ser., Vol. VII, 249, 1874. 
Mesohippus Osborn (nec Marsh): Bull. A.M.N.H., Vol. XX, 177, 1904. 


The type-species this genus, annectens, from the John Day and the original 
generic description is, therefore, not altogether applicable the White River species, 
though the latter closely approximate those the John Day. The transition from the 
characteristic equines the lower and middle White River, Mesohippus, very gradual 
and, when the tarsus not available, almost the only constant distinction that size, 
always excepting the doubtful ?Mesohippus list diagnostic charac- 
ters covers species the two upper Brulé genera, Miohippus and Pediohippus, and, within 
the former, there are considerable differences detail. Beside the increase stature 
Miohippus characterized the absence any crochets the grinding teeth, and the 
articulation mt. III with the cuboid; the White River species the metaloph not con- 
nected with the external wall, Mesohippus; the John Day species the crests are 
connected with the wall. The upper canine teeth are enlarged, but the lower continue 
contact with the incisor series, which they appear form part. 

While Pediohippus may confidently assumed the progenitor the hypsodont 
horses the Miocene and Pliocene, Miohippus, the contrary, would seem not have 
been ancestral horses, but have given rise the persistently brachyodont, 
browsing genera the Miocene, such Anchitherium and Hypohippus, which the 
grinding teeth remained curiously primitive. 


F., Mem. A.M.N.H., N.S., Vol. 51. 
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After Schlaikjer’s removal three upper Brulé species Pediohippus, but two White 
River species remain, one them from the Leptauchenia clays, the other from the Proto- 
ceras beds, channel sandstones. 


Miohippus meteulophus Osborn 


Mesohippus meteulophus Osborn: Bull. A.M.N.H., Vol. XX, 174, 1904. 
Miohippus meteulophus Osborn: Mem. A.M.N.H., N.S., Vol. II, 51, 1918. 


The diagnosis published this species reads: ‘‘This species successor 
eulophus, from which distinguished (1) its decidedly more elongate hyposodont 
molar crowns, the crests being .002 higher, (2) its larger size, (3) unlike eulophus 
broader than progressive stage toward the equine condition; (4) accentuates the 
eulophus character the heavy but continuous meta- and protolophs which are not 
distinctly interrupted conules. the ectoloph the parastyle, mesostyle and ribs are 
sharply defined, but not prominent, fact, the ectoloph somewhat flattened. (5) 
Another feature that the protoloph more elongate transversely than the metaloph, 
causing these crests somewhat asymmetrical latidens. 

more progressive than intermedius sharply distinguished the fact (6) 
that the hypostyle rises directly the posterior cingulum; not the least separate. 
differs from gidleyi the conformation the crests, the small size pm2 and the 
large size m3. 

resembles Hypohippus in: (7) external cingulum crosses base parastyle, (8) 
crests are simple and continuous, (9) post-fossette fully formed premolars, (10) pre- 
orbital fossa simple, long and deep, (11) flattened angulate 

his large monograph Osborn added ‘‘(13) lachrymal fossa vertically narrow, long 
and deep, extending down into molar and noted that this species the face was 
elongate, exceeding the cranium 

Measurements: Skull, length cond. prmx. 0.215; upper cheek-tooth series, length 
0.078; molar series, length 0.038; ant. post. diam. 0.013 transv. 

Horizon: Upper Brulé, Leptauchenia clays. 

Locality: Big Bad Lands: So. Dak. 


Miohippus validus Osborn 


Mesohippus validus Osborn: Bull. A.M.N.H., Vol. XX, 177, 1894. 
Mesohippus grallipes Sinclair: Proc. Am. Phil. Soc., Vol. LXIV, 55, 1925. 
Miohippus validus Osborn: Mem. A.M.N.H., N.S., Vol. II, 55, 1918. 


Osborn’s original description follows: large horse standing not less than 
inches the withers. The species readily distinguished from intermedius 
follows: (1) elevated ectoloph, .013 parastyle broad, ribs marked, (2) metaloph short, well 
separated from ectoloph, (3) protoloph interrupted, protocone indented, (4) hypostyle 
shaped, triangular, connected with cingulum and with strong outward spur, (5) pre- 
orbital fossa subdivided low median ridge into anterior and posterior 
(Osborn, loc. cit., 1904.) 


F., Bull. A.M.N.H., Vol. XX, pp. 174-5. 
Idem: Mem. A.M.N.H., N.S., Vol. II, 53. 
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this description the Monograph 1918 adds nothing important. the subjoined 
table, A.M.N.H., No. 1218, the type and P.U. No. 10,733 much crushed skull the 
museum Princeton University, which Osborn himself determined validus. the 
same museum the mounted skeleton which Sinclair made the type his Mesohippus 
grallipes; was derived from colt and remarkable for its relatively large size. All 
these and several other individuals the two museums were collected the sandstones 
the Protoceras channels; the dimensions No. 1218 are taken from Osborn. 


MEASUREMENTS 
A.M.N.H. P.U. 
No. 1218 No. 10,733 
Upper cheek-tooth series, 104 mm. mm. 
Upper premolar series, 56* 
Skull, length cond. ant. end. prmx........... 250* 250 


Measured from Osborn’s drawing (1918, Fig. 33, 56). 

N.B. the ant.-post. diameters the individual teeth exceeds the length the molar and 
premolar series because overlapping. 

Horizon: Upper Brulé, sandstones Protoceras channels. 

Locality: Big Bad Lands, So. Dak. 


SEDIS 
?Miohippus crassicuspis Osborn 


Mesohippus copei and (in part): Bull. A.M.N.H., Vol. VII, 356, 1895. 
Miohippus crassicuspis Osborn: Vol. XX, 178, 1904. 


this questionable species, only two teeth, the second and third right upper premolars, 
are known, and these are different from anything found among contemporary equines, 
strongly suggest distinct genus; that this genus was one the Equidae seems alto- 
gether probable. The transverse crests can hardly said exist, for they are represented 
two three separate elements, the internal cusp and one two conules, which touch, 
but are not connate with the outer wall. There are three cusps each crest and two 
those p2. contrast this primitive condition, the ectoloph consists two fully 
developed and nearly equal cusps, the proto- and tritocones, and the two internal cusps, 
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the deutero- and tetartocones, are also nearly equal size; the hypostyle large and con- 
spicuous and entirely separate from the cingulum. Such combination primitive and 
advanced characters exceptional and most difficult interpret from such scanty material. 

the table dimensions below the first column consists the measurements given 
Osborn and Wortman, and the second column are those taken from their 
and 1895, pp. 356-7, Fig. 5.) 


MEASUREMENTS 
Length second and third superior .037 mm. .0375 mm. 


Horizon: Upper Brulé; sandstones Protoceras channels. 
Locality: Cheyenne River, Big. Bad Lands, So. Dak. 


REMARKS THE EVOLUTION THE HORSES AND CAMELS 


Palaeontologists have grown cautious, late, constructing phylogenies, that their 
work practically amounts denial the theory Evolution. They not assert 
boldly that species cannot have given rise later species because different, but 
that the meaning many discussions. Certain canons phylogeny have been deduced 
from study certain stratigraphic successions mammals and now asserted that 
the same mammals cannot have descended from one another because they not conform 
those canons; that giving our deductions rigidity and authority which they have 
claim and allows for exceptional and vacillating modes descent. have myself 
insisted the direct, unswerving character evolutionary development and, far 
large and important structural characters are concerned, still the opinion that such 
directness (orthogenesis) the usual rule, but now disposed admit exceptions and, 
minor structures, believe fluctuations and even reversals the course develop- 
ment. principle, irreversibility evolution,” which affirms that struc- 
ture once lost can never is, doubt, generally true, but extremely prob- 
able that the conception elastic one and varies much different groups. 
regard the camel and horse families the particular problem their developmental 
history concerned with the incisor and canine teeth, for the development these teeth 
the upper Eocene and Miocene there curious parallelism between the two families, 
there also many features the skeleton. the Equidae the canines are, first, 
much reduced and, Mesohippus, they might almost called vestigial; certainly, they 
can have been very little functional importance. The upper canine, while very small, 
remains isolated short diastema front and behind it, but the inferior one has be- 
come incisiform and approximated the incisors that seems belong that series, 
the Pecora and the oreodonts, though some species slightly separated from i3. 
The incisors are all small proportion the other teeth, but they were, evidently, much 
importance the browsing animals. 
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the succeeding genus, Miohippus, change begins, fluctuating according species 
and, apparently also, according sex; even the modern Equus caballus, the canines are 
much larger stallions than mares. some the upper Brulé species, e.g. meteu- 
lophus, the lower canine longer incisiform, but has the conical shape, though still re- 
maining contact with i3. the John Day species, acutidens, the upper canine, 
least, greatly enlarged and relatively long fox; the lower one not known. 
another John Day species, equiceps, the upper canine rather larger than any 
species Mesohippus, but much smaller than acutidens, and the lower one tiny and 
apparently one the incisor series. This remarkable difference between two con- 
temporary species the same genus and probably sexual large degree. 

the genus which Osborn called Kalobatippus, the upper John Day, the rehabilita- 


tion the canines has distinctly begun, appears from Osborn’s figure 


which the canines, though small, are tusk-shaped and the lower one has moved away slightly 
from the incisors, leaving space between and itself. The characteristic horse the 
lower Miocene though persisted throughout the Miocene. Parahippus 
there again fluctuation the development the canines and, addition sexual 
differences size, there are different positions the lower canine; nebrascensis this 
tooth, though tusk-shaped, remains contact with i3. 

the middle Miocene Merychippus, which the permanent grinding teeth are high- 
crowned and cement-covered, the incisors and canines, though still implanted roots, 
have otherwise practically attained the modern condition. This particularly well shown 
isonesus tertius, figured The incisors are conspicuously larger than 
the more ancient genera and the canines are small tusks, the lower one well separated 
from the lateral incisor and quite caniniform. 

There every reason believe that the horses were ultimately derived from Paleocene 
Condylarthra, which had short and sturdy canines and cropping incisors, and, the earliest 
determinable horse, Hyracotherium the lower Eocene, the canines are still fang-like, but 
the White River they are much reduced and the lower incisiform and seems one 
the incisors. Then began the reversal the former tendency, the incisors were much 
enlarged and the canines became functional, least the males. seems unreasonable 
throw out all the known equines the upper Eocene and Oligocene from the direct lines 
horse-descent the interests unproved conception orthogenesis. That ortho- 
genetic development the rule fundamentals and major structures, seems well 
established study phylogenetic series; but the fluctuating development incisors 
and canines the upper Oligocene and lower Miocene horses seems clearly point the 
reversal previous tendency. 

Very much the same considerations apply the history the camels, using that term 
broad sense, include all the members the family. The most ancient form that can 
definitely referred the Camelidae the genus Protylopus Wortman the Uinta, 
upper Eocene, which is, unmistakably, one the Tylopoda. this genus the incisors and 
canines both jaws are greatly reduced and they, with the anterior premolars, form 
continuous series, the teeth slightly spaced apart, but without distinct diastemata. Es- 
sentially the same condition persists the most primitive species the White River 


F., Mem. A.M.N.H. 
Osborn, 
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Poébrotherium, eximium Hay, the type-specimen which beautifully perfect skull, 
which figured That the middle lower Eocene ancestors 
Protylopus the canines were functionally fangs, that their condition Protylopus was due 
reduction, seems hardly open question. the higher White River change would 
appear have begun, diastemata are formed and the anterior teeth, incisors, canines and 
forward premolars have become variable, that attempts make use them for the 
discrimination species have been unsatisfactory, but the characteristic camel-like, 
llama-like development present incipient stages. the John Day the 
canines are again functional, fang-like weapons. is, course, possible that Protylopus 
and Poébrotherium are not the main line cameline descent and has even been 
suggested that Paratylopus should substituted for the latter genus the White River 
member the series. Such substitution, however, does not remove the supposed difficulty 
fluctuating development incisors and canines. The rehabilitation these teeth 
appears have begun within the limits the genus Poébrotherium itself, may seen 
from comparison the successive species, eximium, wilsoni, labiatum and the 
mutant the latter which Troxell named 

Taking all these facts into consideration, feel compelled far modify accept- 
ance orthogenesis, infer that development may include very considerable degree 
reduction and re-enlargement structures minor importance. Such, least, the 
clear testimony the fossils, taken and the only alternative accepting 
this testimony assume the existence undiscovered genera and species these 
families. 


Suborder II. ANCYLOPODA Cope 


Several palaeontologists not accept this group suborder, and not recognize 
the chalicotherioids having higher than family rank, but the opinion that the 
arrangement proposed Cope and Hay more nearly expresses the relationships the 
genera concerned. the Ancylopoda the hoofs were converted into great claws, which, 
presumably, were used for digging roots, tubers and other articles food, for the teeth 
prove that the diet was vegetable. yet, but single family has been assigned this 
suborder. 


Superfamily Chalicotherioidea Gill 
Family CHALICOTHERIIDAE Gill 


The earliest known representatives this family are species the genus 
found the Eocene both Western North America and Mongolia, but, far known 
fossils are concerned, the group disappeared from the United States until the lower Miocene 
and has not been found the White River beds south the International Boundary, but 
does recur the Cypress Hills district Saskatchewan. The Canadian fossils are 
fragmentary and rare, that the absence the group hitherto the United States can- 
not taken proof that did not exist the Great Plains region the United States 
the Oligocene. What little known the Canadian chalicotheres due the work 
Cope and Lambe and may here summarized. 


Wortman, L., Bull. Vol. 111, Fig. 


>. 
| 


* 


954 TRANSACTIONS THE AMERICAN PHILOSOPHICAL SOCIETY 


?Schizotherium Gervais 


Schizotherium Gervais: Zool. Palaeont. Gen., Ser. livr., 58, 1879. 
Chalicotherium Cope (nec Kaup): Contrib. Canadian Palaeont., Vol. pp. 1891. 


remarkable character this genus discovered Filhol, 
has been mentioned the American Naturalist (1889, 153). has little relationship 
the family Perissodactyla which has given the name and the genera with which 
has been associated must form family, which the name Lambdotheriidae Bronto- 
has been applied. The anterior ungual phalanges Chalicotherium are 
prehensile character and not ungulate, but rather unguiculate. The phalanges resemble 


the Edentata, but the carpus and tarsus are, according Filhol, diplarthrous 


structure, while the Edentata are taxeopodous. have the Chalicotheriidae the antith- 
esis the Condylarthra. While the latter ungulate with unguiculate carpus and tarsus, 
the former unguiculate with ungulate diplarthrous carpus and tarsus. Thus the 
Chalicotheriidae must referred distinct order unguiculate Mammalia, which 
have called the Ancylopoda. Two genera belong the single family, the Chalicotheriidae, 
viz., Chalicotherium Kaup and Ancylotherium Gaudry. 

the species Chalicotherium from the Cypress Hills the first one de- 


scribed from North American beds, not the first discovery the genus. The 


present species larger size than the Kansas form and apparently equal the 


?Schizotherium bilobatum (Cope) 
Chalicotherium bilobatum Cope: Amer. Naturalist, 1889, 151. 


Cope’s original description this species follows: upon mandibular 
symphysis and part the left ramus adult animal, which contains the alveoli the 
anterior four molars and part that the fifth. All the lower premolars are two-rooted, 
showing that they are but three number. Canine and incisors wanting; the anterior 
alveolar margin thin and prominent and bilobed, with median emargination. Symphysis 
with angulate inferior margin posteriorly, with fossa each side the 
median line, sloping regularly upward the alveolar margin and concave above and behind 
the margin. Minute traces alveoli canine and two incisors each side, which were 
probably present the foetus. Length symphysis 120 mm.; depth ramus posteriorly 
48mm. Length premolar series mm. Length 

Additional notes are given Lambe. ‘‘The type-specimen this species has 
been described and figured Cope Part this volume. consists the coossified 
anterior ends the mandibular rami, which the left preserved backward short 
distance behind the posterior end the symphysis and displays the alveoli the second, 
third and fourth premolars, and the first molar, with part that the second molar. 
advance the second premolar are the remains the alveoli for the canine and three 
incisors. The bone here slightly abraded, the alveoli appearing distinct but shallow 
depressions. those for the incisors, the first innermost the largest and deepest, and 
the third the least distinct. That for the canine narrow transversely and twice 
long wide. smooth surface the bone passes outward between the second premolar 
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and the canine, representing narrow diastema. probable that the canine and incisor 
teeth were not present the adult animal. There indication first premolar. The 
roots the three premolars are partially preserved. 

separate lower left premolar Chalicotherioid (collection 1904) probably 
referable this species. The tooth regarded the third premolar and has antero- 
posterior diameter about equal the space for the corresponding tooth, which the roots 
are preserved the above (type) mandible. Professor Scott, Princeton University, 
has kindly examined this specimen, and, although agreeing with the writer that the 
lower premolar Chalicotherioid, considers unlikely ‘that the genus 
should found the Titanotherium beds, for that genus typical the Middle and 
Upper Miocene the opinion that ‘much more probably the species 
Cope will prove referable one the genera the French Oligocene, such 

Nothing has been found since the date Lambe’s paper which leads change 
opinion concerning the White River chalicotheres; their inclusion this monograph due 
the belief that the absence them the United States accident fossilization, 
collecting. They have been found the Eocene Wyoming and Utah and the John Day 
Oregon, that is, both before and after the White River, and there every reason expect 
the discovery them the latter formation the Dakota-Nebraska-Colorado area. 
The only time and place, within the limits the United States, which these strange and 
grotesque creatures have been found large numbers are the lower Miocene (Harrison) 
and the State Nebraska. The abundant genus Moropus, very large, long-necked and 
long-legged, somewhat giraffe-like animals, which the incongruous association teeth 
and feet really astonishing and, this country, exactly Europe, led amusing 
errors reference and identification. Skull and dentition were assigned the Perisso- 
dactyla and feet the Edentata and the discovery complete skeletons, with bones 
their original connections, was required correct the errors. far North America 
concerned, the group has not been found formations later than the upper Miocene, 
lower Pliocene. 


Superorder EDENTATA 
Order PALAEANODONTA Matthew 


the lower and middle Eocene Wyoming there have been found several genera 
which bear remarkable resemblance South American Edentata. Metacheiromys the 
Bridger stage, which substantially complete skeletons are known, like armadillo, 
that Osborn referred that group, but Simpson has placed the Palaeanodonta, 
term which Matthew had proposed for the reception certain edentate-like fossils the 
Wasatch. While the systematic position this order still obscure, there much reason 
believe that was derived from branch the same stock that which gave rise the 
Xenarthra South America, and was, perhaps, also related the Sealy Anteaters (Manis) 
the Old World. Very possibly, the order was represented the White River fauna, but 
the known material insufficient make sure the reference. 


Lambe, M., Contrib. Canadian Palaeontology, Vol. III, Part IV, pp. 54-5. 
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Family Simpson 
Epoicotherium Simpson 
(Pl. 


Xenotherium Douglass (nec Ameghino): Mem. Carnegie Mus., Vol. II, 203, 1905. 
Epoicotherium Simpson: Ann. Carnegie Mus., Vol. XVII, 291, 1927. 


The very remarkable fossil which bears this name was found the late Mr. Earl 
Douglass the Chadron Montana and him named term which was 
pre-occupied Ameghino. Douglass, though with much hesitation, referred the genus 
the Monotremata, reference which has been accepted subsequent 
fessor expressed the opinion that was insectivore and in- 
cluded the Chrysochloridae and, 1910, Professor Gregory concurred this view. 
1926 Zdansky and Winge suggested that this problematical fossil was referable the 
edentates and this suggestion was adopted Dr. Simpson his restudy the 
typical and unique specimen. The following account taken, with some condensation, 
from Simpson’s two papers the subject, with careful comparison his text with the 
type, which Director Avinoff, the Carnegie Museum, has kindly placed disposal. 


DENTITION 


Only the upper teeth are known, for mandibles have been found. There were 
probably incisors, but this not certain; all events, there long diastema front 
the first the six alveoli; the last alveolus, each side, has minute tooth within it. 
impossible surely affirm the original nature the blunt ends these teeth, for 
they are worn and perhaps broken also. They are composed dense material now black 
and somewhat shiny. The closest microscopic scrutiny fails reveal any lack homo- 
geneity even the worn broken faces, that this material plainly dentine and enamel 
lacking, least the parts preserved. Such teeth are known only among edentates and 
they compare very closely with those the dasypods. The last tooth followed 
slightly elevated point bone, (Simpson, Bull. Amer. Mus., Vol. LIX, 
365.) 

The other five sockets are empty, but, manifestly, the teeth which were once lodged 
them were simple, cylindrical and rootless, like those armadillos; the foremost alveolus 
somewhat larger than the others, the last one somewhat smaller. From the second 
the fifth, inclusive, they are nearly uniform size. 


SKULL 


general appearance, the skull very much like that the Cape Golden Mole, 
Chrysochloris, and also like that the Fairy Armadillo, Pichiciago (Chlamyphorus trun- 
somewhat less close the resemblance the skull the marsupial mole Notoryctes. 


Matthew, D., Science Vol. XXIV, 786, 1906. 

Gregory, K., Bull. Amer. Mus. Nat. Hist., Vol. XVII, 258, 1910. Ann. Acad. Sci., 
Vol. XIX, 297, 1910. 

Zdansky, O., Bull. Geol. Inst. Upsala, Vol. XX, 231. 

Winge, H., Mus. Lundii, Vol. III, pt. 

G., Bull. Amer. Mus. Nat. Hist., Vol. LIX, 366. 

The same, Ann. Carnegie Mus., Vol. XVI, 291. 
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These modern genera are burrowers and, very probably, the White River animal was also 
fossorial. The skull larger than Notoryctes and compares size with 
large Chrysochloris, small Chlamyphorus. all three the genera named, the 
skull-bones are ankylosed, the zygomatic arches complete, but slender and not widely 
expanded; the tympanic bullae are fully ossified and the occiput very large and dome-like 
and wider than the zygomata, into which the lambdoid crest passes uninterruptedly. 
superficially different form from the skull Notoryctes, chiefly having more depressed 
rostrum; from that Chlamyphorus differs principally the absence suborbital 
processes the jugal and frontal projections. From all three these skulls differs 
many less adaptive, more fundamental characters. 

convergence Chrysochloris general form very striking, even extending 
the development lateral forward jutting processes the premaxillae. The detailed 
structure, however, much which can now revealed, does not bear out the suggestion 
affinity conveyed the general 

the occiput, just behind the crest, there each side least one foramen, per- 
haps two foramina, which seem indicate exposure the mastoid upon the surface. 
These foramina are present the Xenarthra, absent Notoryctes and the chrysochlorids. 
the cranial base, front each condyle, there pit into which the condylar foramen 
and foramen lacerum posterius appear open. The stylo-mastoid foramen and the region 
antero-external the auditory bulla are much asin Dasypus. There are distinct paroc- 
cipital, post-tympanic, post-glenoid processes. The basicranial portion the skull 
large relatively the basifacial portion, somewhat Chrysochloris, but more less 
contrast with the armadillos. 

The tympanic bullae are very large, covering most the basis cranii, but are not 
greatly inflated; they have triangular outlines and their antero-internal angles almost meet, 
being separated only the very narrow posterior nares and hiding the basisphenoid. 
The bullae extend posteriorly almost the occipital condyles and, front, they take the 
place the post-glenoid processes and hang over the glenoid fossae, essentially the 
dasypods which have bullae and somewhat Chrysochloris and Notoryctes. The com- 
position the bullae cannot made out, the elements are ankylosed, but there little 
doubt, view their spatial relationships, that they involve, some extent, the squamosal 
front and the petrosal behind, while the main part formed from the tympanic; 
entotympanic may also present, indicated the distinct demarcation internal 
portion shallow groove. There short, bony, tubular meatus, opening just under 
the root the zygoma. 

The glenoid cavity large and but slightly concave antero-posteriorly; the glenoid 
foramen opens into pit above the auditory meatus almost exactly Dasypus. The 
vertical pterygoid plates continue into the bullae, with which they are fused, very excep- 


tional structure. The palate long and narrow, with nearly parallel, slightly curved 


rows; internal each row teeth there ridge, with median groove between the ridges; 
extends considerably behind the last tooth, the posterior nares being very far back and 
very narrow. The roof the skull smooth, with trace the sagittal crest, while the 
mastoids are inflated and very prominent. 


G., Ann. Carnegie Mus., Vol. XVI, 291. 
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RELATIONSHIPS 


possibility monotreme relationships for may readily dismissed. 
There resemblance the general habitus the skull, but none the more important 
anatomical details. Nor there any especial indication marsupial affinities. The 
resemblance Chrysochloris, the contrary, extraordinarily close and detailed. 
therium exhibits hardly one habitus character (outside the dentition) which not also found 
the recent genus. These resemblances have already been referred this paper and 
they were stressed Matthew and Gregory. already claimed Winge and Zdan- 
sky, however, they are mostly such might ascribed similarity habitus. Ex- 
amined more detail the two genera reveal very deep-lying differences; Epoicotherium 
the basicranial-basifacial flexure less sharp, the zygomata are different, most markedly 
their relationship the external auditory meatus; the occipital condyles are different 
character; the bullae are less inflated, different shape and occupy more the basis 
there hamular process and the relation the pterygoid plates and the bullae 
different; the palate quite distinct character; the various foramina exhibit number 
important differences; and finally, but perhaps most impelling all, the teeth are altogether 
dissimilar arrangement, number, and, especially, form. 

resemblance Dasypus structural detail especially close. The most 
striking superficial differences such the greater depression the snout and the expanded 
dome-like occiput are seen also the dasypod Chlamyphorus which has been abundantly 
shown find its closest known ally Dasypus. 

although thus approaching habitus, however, does 
not seem suggest especial phylogenetic affinity. very peculiar and highly aberrant 
derivative essentially Dasypus-like form. broad way, the relationship 
therium and Chlamyphorus may thought similar that Chrysochloris and Talpa— 
they are ordinarily related and convergent habitus, but distinct lineage. 

these superficial characters paralleled Chrysochloris, the chief differences 
Epoicotherium from the dasypod stock are those due the areal expansion the bullae 
and the concomitant perhaps consequent, narrowing the choanae. Almost all the 
anatomical details the fossil form compare favorably with those seen Dasypoda and 
majority the most striking differences from Chrysochloris are resemblances the dasy- 
pods. There seems adequate basis for the conclusion that deriva- 
tive the primitive xenarthran pre-xenarthran stock and finds its closest living relatives 
the armadillos. 

habitus plainly fossorial, indeed probably quite subter- 
ranean, like Notoryctes, Chrysochloris and the true moles today. Its close resemblance 
those three types quite inexplicable any other basis. Such habitat for armadillo 
derivative not surprising, for, well-known, the armadillos are among the most efficient 

sea, resistant medium, molds the animals which move through common 
form, witness the classic convergence fish, ichthyosaurs and dolphins. The earth, 
far the most resistant medium all, also strict drawing its inhabitants common 


aspect, although the fact that offers incentive for speed gives little latitude. 


toryctes and Chrysochloris are much alike, that gifted anatomist has urged their close 
relationship, but they are derived from quite different superterranean ancestors. Chryso- 
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chloris and the true moles were long confused, but they, too, had distinct non-fossorial 
ancestors. and Chlamyphorus furnish less striking, but nevertheless in- 
teresting example the same sort convergence, while the monotremes, notoryctids, 
chrysochlorids, talpids, and Chlamyphorus all show uniformity cranial 
topography truly remarkable view their very diverse affinities. 

possibility that the resemblance and Chrysochloris not alto- 
gether due convergence unrelated stocks also borne mind. The Xenarthra 
appear have been derived from the Insectivora and the retention more less de- 
generate and specialized humble creatures devious modes life some exceedingly 

the only edentate, edentate-like animal known from North America between 
the Middle Eocene and Lower Pliocene. Geographic and geologic considerations suggest 
that was derived from the Palaeanodonta, but must have been from stage slightly 
more primitive than Palaeanodon ignavus. This the most acceptable hypothesis, but 
conclusive evidence either for against lacking. The general skull form could 
derived from the palaeanodont condition, although shorter and broader, more wedge- 
snout more depressed. Positive resemblances, aside from merely primitive 
characters, are seen the degenerate one-rooted teeth, long, ridged and grooved palate, 
high narrow choanae, ossified flask-shaped bullae, relation external auditory orifice 
base zygoma, very large inflated mastoids. more specialized than either palaeano- 
dont genus, differently specialized, numerous characters, including the union ptery- 
goid-alisphenoid crests with the bullae, the development ledge above them, the trans- 
verse crowding together the bullae, the absence postglenoid process, the confluence 
the posterior lacerate and condylar foramina, and the difference skull proportions already 
mentioned. The Palaeanodon-Metacheiromys line does not foreshadow any these char- 
acters. the contrary, the earlier genera were trending away from the Epoicotherium 
type several respects, most notably the greater reduction the teeth and their re- 
placement horny plates. Nevertheless, derivation from unknown 
early palaeanodont reasonable possibility and seems more accordance with the 
palaeogeographic and phylogenetic evidence hand than any other theory which can now 
advanced.”’ 


There but one species this genus known. 


Epoicotherium unicum (Douglass) 
Xenotherium unicum Douglass: Mem. Carnegie Mus., Vol. II, 203, 1905. 
unicum Simpson: Ann. Carnegie Mus., Vol. XVII, 291, 1927. 
The generic description renders diagnosis the species superfluous, other than the 
dimensions. 
MEASUREMENTS (from Douglass) 


Horizon: Chadron. 
Locality: Mountain, Mont. 


Simpson, G., Ann. Carnegie Mus., Vol. XVII, 291. 
Simpson, G., Bull. Amer. Mus. Nat. Hist., Vol. 366. 
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Infraclass DIDELPHIA Blainville 
Order MARSUPIALIA 
Family Gray 
Subfamily Gill 


The opossums have been found scantily the Tertiary Europe and North America; 
Cuvier described them from the Paris Gypsum (Upper Eocene) and additional species have 
been named Aymard, Filhol and others. Aymard assigned the species from the Miocene 
France his genus name which was finally adopted Cope, after had 
proposed several other terms. the White River beds fossils marsupials are very 
unequally distributed; the Cedar Creek beds Colorado yielded many more less frag- 
mentary specimens Cope, who speaks them the other hand, 
they have not been reported all from the Bad Lands Dakota, Nebraska, Wyoming. 
Probably, the difference was occasioned the presence, absence, forests. 

the present time, the family represented North America single genus, 
Didelphis, and two three species, whereas South America there multitude 
opossums and naturalists differ widely the number genera and subgenera which 
should adopted; perhaps, dozen genera and twenty-odd species may eventually 
accepted. However that may be, the contrast between the two continents the number 
and diversification their opossums most striking and the obvious inference from the 
facts distribution that the genus Didelphis Neotropical origin and that the North 
American species were post-Miocene immigrants from the South. true that there 
appear members the family the Cretaceous and Tertiary North America 
least late the Miocene (Florissant Shales) but none these would seem ancestral 
Didelphis. most unlikely that the tiny opposum-like creatures the White River 
can have given rise the Recent opossums North and South America, for the absence 
the inflected angle the mandible and the character the molar pattern point 
different line descent. 

quite possible that more perfect specimens the White River fossils may require 
their separation from the European genus and, consequently, the revival one Cope’s 
terms, such Herpetotherium, for inherently improbable that the same genus mam- 
mals should occur the Middle Oligocene North America and the Lower Miocene 
Ronzon and other European localities. Such occurrence the two continents not 
impossible, witness the artiodactyl Bothriodon, but, any given instance, unlikely. 
matters stand, however, Cope’s example identifying the opossums the two conti- 
nents generically must followed, for the material does not justify separation. 


Peratherium 
Aymard: Ann. Soc., Agr., Sci., Arts Comm. Puy, XIV, pp. 81, 83-84, 
footnote, 1850. 
Herpetotherium Cope: Palaeont. Bull., No. 16, 1873. 
Embassis Cope: Synop. New Vert. Colorado, 1873. 
Miothen Cope: 1873. 
Domnina Cope (in part): Rept. Geol. and Geogr. Surv. Terrs., for 1873, 470, 1874. 
Peratherium Cope: Rept. Geol. Surv. Terrs., Vol. III, 789, 1884. 
Didelphys Scott (nec Linn.): Amer. Journ. Sci., 3rd Ser., Vol. XVII, 442, 1884. 
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Cope defined this genus follows: Peratherium nearly allied Didelphys, but has 
not the inflected angle the mandible that genus. The difference dentition 
consists the elevation the median cusps the superior true molars into V’s and the 
obsolescence the tubercles the external series. quite possible that these characters 
may not sustained comparison the numerous extinct and recent species. The 
name was proposed Aymard for some similar species from France, but his 
characters were derived from the inferior dentition, and were great importance, 
remarked 
Cope’s formal diagnosis Peratherium follows: Dental formula: 


The superior canines are well developed. The premolars are compressed, with 


4 


one apex, inner lobes, and two roots. The superior molars, excepting the last, present 
two median V’s, which would termed external but for the fact that the external basal 
cingulum developed constitute external crest. single internal lobe, which 
less elevated than the median. The last molar was but one median and one internal 
The inferior incisors are subequal and closely placed; the first three are parallel. 
Inferior canine well developed, recurved. Inferior premolars compressed simple, simple 
unicuspid. Molars consisting two V’s, with apices external. The inner extremity 
each branch the anterior pointed cusp, behind which stands, the inner edge the 
crown, third cusp opposite the middle the posterior The last inferior molar 
little shorter than the others, but the second narrowed, only 

Cope named six species Peratherium, all which are very small and some are tiny: 
all these were found Cedar Creek, Colorado, occurring together and, course, this 
entirely incredible number species single genus have co-existed; individual 
variation will account for most these supposed species. Thus Cope says: one time 
thought that the marginale was, with the alternans, worthy generic separation, but 
many intermediate conditions this form with that seen that 
longer maintain this alternans says: formerly referred this species 
that present evidence does not warrant generic 

Cope’s Key his supposed species follows: 


Anterior triangle inferior molars with the two minor cusps subequal and deeply separated. 
The anterior triangle not much more elevated than the posterior. 


Larger; last two molars 4.5 mm. long; ramus mm. deep middle........... 

Smaller; last two molars 4.5 mm.; ramus tricuspis 

Smallest; last two molars 2.7 mm.; ramus 
aa. The anterior triangle twice much more elevated than the posterior. 


The anterior cusps the elevated anterior triangle insignificant, the posterior inner cusp 
much larger. 
groove extending the base the anterior cusp the inner side; heels molars 
groove separating anterior cusps; heels molars very alternans 


Cope, D., Rept. the Geol. Surv. the Terrs., Vol. III, 
Cope, D., pp. 798, 799. 
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While six co-existing species are impossible number, two Cope’s names seem 
entitled recognition, and huntii, distinguished marked and constant 
differences size. the Cope collection represented fifteen determinable 
individuals and huntii seven, constancy which certainly suggests distinction 
the former the larger species and huntii the smallest the genus. 


Peratherium fugax Cope 


Herpetotherium fugax Cope: Palaeont. Bull., No. 15, 1873. 
Peratherium fugax Cope: Rept. the Geolog. Surv. Terrs., Vol. III, 794, 1884. 


Not only this species distinguished larger size, but also better preserved ma- 
terial, the anterior half the cranium, with the mandibular rami and almost complete 
dentition one individual and fragments the lower jaw fourteen others. ‘‘The 
superior canine compressed, but neither the anterior nor the posterior edges are acute. 
The first premolar smaller than the others and its crown rather obtuse. separated 
short interspace from the second. The third premolar most prominent; its 
posterior edge generally more worn acute. There are external cingula 
the premolars. The elevation the external cingula the true molars such produce, 
wearing with the middle cusps, two triangular areas, which the anterior little 
smaller than the posterior. 

fourth inferior incisor not larger than the others, and directed little more 
upward than they. The inferior canine large, but smaller than the superior, though 
similar form. There interspace between the canine and first inferior premolar, 
but short one between the first and second premolars and shorter one between the 
second and third premolars. The crowns these teeth are simple cusp, which mainly 
over the anterior root. all the true molars the anterior triangle not much more ele- 
vated than the posterior, and the anterior and posterior cusps the inner side the former 
are well separated from the external cusp, which much exceeds them (Cope, loc. 
cit.) Cope gives the following measurements which have somewhat abbreviated form. 


MEASUREMENTS 

Upper cheek-tooth series length, plus mm. 
Lower cheek-tooth series (second 12.8 


Cope remarks that measurements indicate animal about the size the 
common mole this country (Scalops 


Horizon: Brulé (probably lower). 
Locality: Cedar Creek, Colorado. 
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Peratherium huntii Cope 
Herpetotherium huntit Cope: Synop. New Vert. Colorado, 1873. 
Herpetotherium stevensonii Cope: 

gracile Cope: Ibid., 


gracilis Cope: Ann. Rept. Geol. Surv. Terrs. for 1873, 470, 1874. 
Didelphys pygmaea Scott: Amer. Journ. Sci., 3rd Ser., Vol. 442, 1884. 


the smallest species the genus known and readily distinguished from the 
fugax other characters than its minute size. These are the uninterrupted series 
premolars, which are without interspaces, and the greater acuteness and elevation the 
cusp the inner side the posterior 


the table dimensions from Cope, the form expression somewhat altered. 


MEASUREMENTS 
and length 


Horizon: Brulé (probably lower). 
Localities: Cedar Creek, Colorado; type Didelphys pygmaea, Chalk Bluff, Col. 


Subfamily THLAEODONTINAE Hay 


Nanodelphys McGrew 
Nanodelphys McGrew: Journ. Geol., Vol. XLV, 457, 1937. 
Diagnosis.—M2 and possess the following characters: median stylar cusp absent; 


stylar cusp prominent; paracone and metacone sub-equal; external shelf bilobate; 
paracone and metacone middle transverse diameter tooth; size 


Nanodelphys minutus McGrew 
Nanodelphys minutus McGrew: Ibid. 


Diagnosis.—Antero-posterior diameter 2.5 protoconule and metaconule 
absent; inner basin narrow antero-posteriorly. 


Discussion.— the basis the foregoing characters, which are essentially 
those the Thlaeodontinae, Nanodelphys must regarded, for the present, 
member that subfamily. Unfortunately premolars were found and cannot 


known whether not they are bulbous are those the Lance 
Grew, loc. cit.) 


Horizon: Lower Brulé. 


Locality: N.E. Harrison, Sioux Co., Neb. 
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Ancodonta, 363, 441 


Ancodus, 443, 458, 466, 589 
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brachyrhynchus, 444, 473 
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876, 953 
Ancylotherium, 954 
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Ant Bear, 36, 377 
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darbyi, 415, 416 

crassum, 412, 414, 417 
423, 425, 426 

crassum, 426 

ingens, 412, 419 

marshi, 412, 414, 418 

mortoni, 387, 409, 412-4, 
415, 420-3 

robustum, 415 

scotti, 409, 410, 412, 414, 
416, 418, 440, 891 

Sp. indet., 425 

wanlessi, 419, 424, 
426, 430 

Archiamazonas, 

Archiplata, 

Arctictis, 

Arctocyonidae, 

Arctodon, 379 

vetustum, 415 

Arctoidea, 53, 

Ardynomys, 171, 199, 205, 
208, 222 

occidentalis, 205, 262 

olseni, 207 

Argentina, 129 

Armadillo, Fairy, 956 

Armadillos, 956-8 

Arretotherium, 441-4, 457, 

492, 603 

Artiodactyla, xvi, 8,357,358, 

363, 458, 747 
selenodont, 558 
Uinta, 558 

Artionyx, 714, 732, 733 

gaudryi, 733 

Asia, 129, 762, 871, 873, 
905, 906 

eastern, 747 

Astrapotheria, 393 

Astrapotherium, 845 

Atherura, 186 

Australia, 762 

A., 458, 960, 961 
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BAD LANDS, BIG, 
White River, 
H., xvi, 157, 
524, 528 
T., 848 
Bassariscidae, 
Bathygenys, 651, 709, 711 
alpha, 712 
Bats, White River, 
G., 
Beavers, 227, 230, 231 
Miocene, 218, 221 
Oligocene, 222 
897 
Birds, White River, 
628 
Blastomeryx, 559, 562 
Boar, Wild, 457 
E., 309, 310, 
311, 315 
Bothriodon, 443, 444, 
50, 452-4, 457, 458, 
466-71, 474-5, 477-81, 
492, 571, 575, 589, 646, 
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americanus, 444, 457, 459, 
461, 463, 465 
leptorhynchus, 459, 462, 
465 
rostratus, 453, 457, 462, 
463, 464 
velaunus, 465 
Bothriodontinae, 442, 443 
Bothriodonts, 481, 603, 666 
American, 447 
origin of, 492 
Bovids, 504 
Brachicyon, 
intermedius, 
Brachypsalis, 108 
Brachyrhychocyon, 80, 100 
intermedius, 
F., 261, 273 
Bridger stage, 748, 905 
K., 
Brontops, 896, 903, 905, 
906, 907, 910 
brachycephalus, 906, 907 
dispar, 906, 907 
robustus, 872, 879, 
91, 893-5, 897, 899, 
900, 903-4, 
Brontotheres, 463, 747-9, 
864, 913 
Eocene, 871, 873, 893, 
897, 901 
Oligocene, 893, 905 
Brontotheriidae, 871, 954 


Brontotherioidea, 748, 871 
Brontotherium, 857, 
60, 863, 896, 903, 905, 
907, 908, 909 
gigas, 904 
hatcheri, 907 
leidyi, 875, 889, 907 
platyceras, 880-2, 904, 
907 
V., 572 
A., 16, 624 
Brulé substage, 
B., 668 
Bump, D., 147, 370, 
538 
Bunaelurus, xv, 108 
infelix, 109 
lagophagus, 109 
Bunoselenodontia, 441 
J., 157, 186, 
199-202, 204-8, 235-6, 
241, 243, 262, 271-3, 276, 
284, 298, 301, 
312, 320, 325, 
339, 345-8, 350, 
353-4, 357, 359 


776, 782, 790, 
792, 793, 798, 808, 
861 
dakotensis, 
nanolophus, 787 
Caenopus, 798 
(Leptaceratherium) 
dus, 814 
occidentalis, 810 
platycephalus, 792 
nanolophus, 788 
pumilus, 794 
tridactylus, 818 
metalophus, 817, 821 
trigonodus allus, 810 
Caenotheres, 357-8 
Caenotheridae, 441 
Caenotherium, 357, 511, 
56%, 623 
Calops, 557, 564, 599 
consors, 565, 566 
cristatus, 564, 566 
Camel, 621-2, 624-32, 658, 
692 
family, 658 
Recent, 924 
Camelidae, 542, 552, 
558-61, 602, 604, 610 
Camel-llama, 561 
Cameloidea, 364, 507, 604 
Camelops, 561, 604 


Camels, 364, 506, 602, 649 
Duchesne River, 610 
evolution of, 951 
gazelle-like, 639, 641 
Oligocene, 716 
White River, 924 

Camelus, 619, 623, 629-31, 

636, 638 
bactrianus, 628 
dromedarius, 

Camp, L., 309-11, 315 

Canada, 932, 942, 953 

Canidae, 54, 55, 127 

Canis, 55, 81, 118, 608 
latrans, 65, 
urostictus, 81, 100 

Canis, 55, 
gregarius, 101 
hartshornianus, 
lippincottianus, 101 

Canoidea, 

586 

Carnivora, 29, 410, 722 

C., 157, 271, 272, 
463 

Castor, 218, 228, 230-1 

Castorid gen. indet., 223 

Castoridae, 199, 218, 223 

Castoroidae, 261 

Castoroidea, 218, 261 

Cavicornia, 575 

Cebochoerus, 646 

Cedar Creek, 961 

Centetes, 

Ceratomorpha, 747, 749, 
763 

Ceratorhinus, 806 
sumatranus, 857, 861 

Cerdocyon, 55, 56, 83, 

Cervicornua, 595 


Cervidae, 559, 569, 570, 


579, 602 

Cervids, 564 

Cervus, 572, 579, 587, 590-1 
humilis, 578 

Chadron substage, 747, 
905-6, 908, 933 

Chaerodon, 431 

Chalicotheres, 747, 876 

Chalicotheriidae, 748, 953 

Chalicotherioidea, 748, 953 

Chalicotherium, 954 
bilobatum, 954 

Chalicotherium 
954 

de, 106, 107, 
347 

Cheeta, 147 

Cheiroptera, 


Chelodactyla, 748 
Chelopoda, 747, 748 
Chevrotains, 590 
Chiromys, 273-4 
Chlamyphorus, 957-9 
truncatus, 956 
Choeropotamus, 494 
mus) americanus, 463 
Chrysochloridae, 
Chrysochloris, 
Chrysocyon, 
J., xiii, xiv, 13, 22, 
106-7, 510, 523 
L., 
Climate, Oligocene, 
Clinodon, xiv, 
gracilis, 
Clinopternodus, xiv 
Coassus, 539 
Coendu, 186 
Colodon, 748, 763, 800, 834, 
836, 840 
dakotensis, 764-6, 769, 
773 
occidentalis, 764-7, 769, 
770, 772, 774, 941 
Colodon, 941 
940, 941 
luxatus, 772 
procuspidatus, 773, 774 
Colonomys, 167 
Colotaxis, 173 
cristatus, 187 
Condylarthra, 458, 576 
Paleocene, 952 
786-8 
and C., 350, 359 
D., xv, 25-6, 30, 
81, 99, 101-2, 108-9, 125, 
146, 149, 178, 234-6, 
238-9, 242-3, 247, 271, 
277-8, 287, 300, 307, 319, 
324, 326, 333, 335, 337, 
339, 340, 341, 359, 368, 
370, 374, 427, 439, 507, 
534, 545-7, 550, 554, 
602, 632-3, 637, 643, 649, 
663, 707-8, 713-4, 798, 
888, 891, 904, 941-2, 
960-3 
Coryphodon, 358 
Cotton. rats, 
Cotylops, 652 
speciosa, 669 
E., 219 
Creodonta, 30, 111, 722 
Cretaceous, 10, 


— 


Cricetidae, 163, 234, 238, 
242, 245, 246, 261 
Cricetodon, 234, 246-8, 253, 
256, 258 
incertum, 247 
minus, 247 
nebraskensis, 255, 256, 
262 
Cricetops, 248 
Crocodiles, 
Cryptoprocta, 63, 89, 111, 
118, 121, 134 
G., 458, 713, 960 
Cyclomylus, 199, 210, 222 
Cyclopidius, 560, 649, 687, 
691-2, 694-5, 707, 709 
Cylindrodon, 174, 199, 200, 
220, 222 
aff., fontis, 202 
fontis, 200, 202, 262 
sp., 262 
sp. nov., 203 
Cynaelurus, 147 
Cynodesmus, 
Cynodictis, 81, 99, 102, 
106, 108-9 
gregarius, 101 
Cynodon, 106 
Cynogale, 71, 
Cynoidea, 53, 54, 
Cynomys, 178-186, 206, 
227, 231 
Cyon, 56, 
Cypress Hills, 171, 193, 324, 
932, 942, 953-4 


DAPHOENUS, 38, 54, 55, 
81-97, 100, 101, 111-2, 
115, 119-20, 127, 

dodgei, 56, 76-7, 


felinus 


hartshornianus, 55-6, 


80-1 
vetus, 55-6, 76, 77, 
Daptophilus, 123 
123 
H., 
Dasypoda, 958 
Dasypus, 956-8 
Davis, B., 
Deer, 364, 456, 538, 541, 
576, 578, 584, 646, 654, 
656, 716 
American, 470, 559 
ancestral, 506 
South American, 539 
Deinictis, 110 
felina, 122 
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Desmatolagus, 272-3, 
290-1, 294, 
298, 331-5, 345, 
350 

dicei, 348, 350, 359 
gazini, 277, 350, 359 
gobiensis, 290-1, 345 
pusillus, 347 
robustus, 348 

sp., 350 

Dhole, 62, 

R., 271-2, 276, 
278, 280, 285, 290-1, 
306, 308-9, 316, 332 

and 300, 351 
Diceratherium, 709, 776, 
782, 817, 822, 837 
armatum, 822-3 
avum, 822 
avus, 823 
proavitum, 818 
tridactylus, 810, 818, 823 
avus, 822 
metalophus, 821 

Dichobune, 569 

Dichobunidae, 365-6, 378 

Dichobunoidea, 378 

Dichobunops, 720 

Dichodon, 909 

Dicotyles torquatus, 493 

Dicotylidae, 493 

Didelphia, 960 

Didelphidae, 960 

Didelphinae, 960 

Didelphis, 960 


Didelphys, 960, 961 


pygmaea, 963 
Dinictis, 61, 63, 68-73, 94, 
96, 101, 110, 125-7, 
130, 131-4, 143 
124 
cismontanus, 125 
felina, 112, 122 
fortis, 124 
major, 125, 147 
paucidens, 124 
squalidens, 110, 112-3, 
123 
Dinocerata, 129, 891 
Dinocyon, 
Dinohyus, 379, 
hollandi, 432 
Dinotomius, 125 
Diplacodon, 908 
Diploclonus, 905, 907, 910 
amplus, 904, 907 
bicornutus, 910 
898, 904 
Diplolophus, vii, xvi, 258 


insolens, 259, 262 
Diplopus, 447 
Dipodidae, 160, 261 
Dipodoidae, 158, 160 
Dipodomys, 201, 231 
Dog, Brazilian Bush, 
Indian Wild, 62, 
Dogs, bear-like, 
Dolichorhinus, 878, 888 
L., 951 
Domnina, xiii, xiv, 25, 960 
crassigenis, 
gracilis, 963 
gradata, xiv, 
Dorcatherium, 589, 591 
E., 17-8, 201, 
262, 444, 650, 690, 
709, 726, 934, 947-8, 956 
R., 324 
Drepanodon, 63-5, 100, 
110-1, 114, 125, 
142-3, 146 
mentalis, 136 
molossus, 135 
occidentalis, 131, 134, 
136, 138 
oharrai, 128, 134, 135 
oreodontis, 131, 134, 135 
primaevus, 131, 135, 138 
Drepanodon, (see Hop- 
lophoneus) 
Dromedary, 624 
Duchesne River stage, 
30, 100, 871, 873, 905-6, 
908 
Duplicidentata, 273-4 


EDENTATA, 713, 954, 
955 

Eggs, White River, 

J., 278, 295, 351-4 

Elomeryx, 443-4, 449, 450, 
452-3, 457-9, 461-3, 
465, 466, 475, 477, 
479, 480, 492, 646, 
659, 709 

armatus, 459, 471 
angustus, 472 
armatus, 472 
brachyrhynchus, 444, 
457, 459, 464, 
467, 470, 473, 477 

brachystylus, 472, 473 
mitis, 471 

Elotheridae, 410 

378 

Elotherium, 378-9, 426-7, 
439 


967 


arctatum, 427 
clavum, 415 
coarctatum, 427 
crassum, 423 
ingens, 418, 425-6 
magnum, 427 
415, 426-7 
ramosum, 440 
Embassis, 960, 961 
Enhydrocyon, 
Entelodon, 378, 380, 385-7, 
399, 406-7, 427, 942 
412, 
427, 431 
cf. magnus, 414 
magnus, 402, 407, 
428, 429, 432 
Entelodon, 379 
415, 427 
Entelodontidae, 363, 365, 
378 
Entelodonts, 898 
American, 429 
Entelonychia, 714, 725 
Entoptychinae, 216, 217, 
259 
Eocene, 14, 29, 30, 891 
upper, 747 
Eohaplomys, 187 
Eomoropus, 953 
Eomyidae, 158, 234 
Eomys, 158, 234 
Eotherium, 909 
Eotitanotherium, 888 
Eotylopus, 559, 604 
reedi, 
Epiaceratherium, 775 
Epoicotheriidae, 956 
Epoicotherium, 956 
unicum, 959 
Eporeodon, 649, 650, 659, 
661, 677, 688-9, 690, 
714 
bullatus, 678, 683, 686 
helenae, 685 
major, 677, 679, 683-7 
cedrensis, 682 
hybridus, 682 
686 
montanus, 686 
occidentalis, 682 
socialis, 682, 683, 686 
Equidae, 748, 910, 911, 951 
Equus, 911-8, 927, 
929-32 
asinus, 921 
burchelli, 832 
caballus, 952 
Erethizon, 183-4, 186, 231 


3 
2 
Ne 
43 
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Erethizontidae, 260 
Erinaceidae, 
Erinaceinae, 
Erinaceoidea, 
Erinaceus, 
Eucastor, 219 
Eucrotaphus, 677, 712, 714 
auritus, 714 
helenae, 685 
jacksoni, 714 
montanus, 686 
Eumys, 234, 243, 246, 256-7 
brachyodus, 250, 252, 262 
elegans, 246, 247, 249, 262 
exiguus, 250, 254, 255-6 
obliquidens, 250, 253, 262 
parvidens, 250, 251, 262 
Eumys minor, 237, 241, 243 
Europe, 775, 844, 873 
Eurymylus, 298, 357-8 
Eusmilus, 109, 126, 
141, 146, 148 
bidentatus, 144 
dakotensis, 144, 145 
sicarius, 144, 145-6 
Eutheria, 352 
Eutypomyidae, 223, 234, 
260-1 
Eutypomys, 176, 219-22, 
224, 238, 292, 297 
magnus, 225, 233 
parvus, 225, 232, 252 
sp., 262 
thomsoni, 225-6, 228, 
231, 232, 262 
Evans, J., 


129, 


FAUNA, RECENT, xiii, 
White River, xiii, 

Felidae, 108, 109, 128 

Felinae, 108 

Felis, 61, 90, 115-8, 120, 

121, 128-9, 132-4 

leo, 132 
onea, 134 
pardalis, 128 

Feloidae, 

Feloidea, 

D., 786, 792, 
809 

H., 454, 457, 461, 
954, 960, 961 

Fisher, 

Fissipedia, 
South American, 100 

H., 53-4, 89, 
447, 550, 591, 596, 
749, 861 

Fluviatile theory, 


Fort Pierre stage, 
Fort Union stage, 
FRIANT, 177 

C., 525, 560 
493 


GALECYNUS, 81-2 
gregarius, 101 

Galeopithecus, 231 

864 

Gazelles, 558 

L., 157, 272, 297, 
612 

Gelocus, 567-9, 580, 584-5, 
588-9, 591, 594, 596 

Geolabis, 
rhynchaeus, 

Geomyidae, 210, 216, 238, 
261 

Geomyids, 229 

Geomyinae, 259 

Geomyoid, Oligocene, 217 

Geomyoidea, 209, 258, 259, 
261 

Geomyoids, 239 

Geomys, 231 

Giant Pigs, 461 

Gidleumys, xvi, 217 
adspectans, 217, 218, 262 

W., 158, 160, 
166, 187, 209, 216, 218, 
223, 231, 234, 239, 273, 
358, 816 

T., 219, 645 

Giraffe, 395 

Giraffes, 595-6 

Glaucomys, 233 

Glires, 274, 358, 359 

Gnawing Rodents, 

Gobi Desert, 888 

Gophers, 229 

Goshen Hole, 933, 939, 940 

W., 157, 198, 
222, 278, 358, 603, 888 

Great Plains, 873 

892, 906-7, 909, 956, 
958 

Ground-sloth, 726 

Ground-sloths, 385 

Gulinae, 108 

Gulo, 96, 107, 119 

Gymnoptichus, 236, 241 

Gymnoptychus, 173, 

236, 241 

chrysodon, 187, 235 
liolophus, 244 
minimus, 240 


234, 


minor, 243 
minutus, 235-6, 238-9, 
242 
nasutus, 235-6, 244 
trilophus, 244 


HALL, R., 105 
Haplacodon, 910 
Harrison stage, 955 
63, 65, 67, 74-6, 80, 88, 
141-2, 714, 750, 752, 754, 
758-9, 761-7, 774, 778, 
783, 819, 881, 884, 886 
Hay, P., 54, 147, 235, 
239, 378, 506, 560, 602, 
645, 648, 935 
425-6, 643, 842 
Helaletes, 763, 766, 821, 833 
Helaletidae, 747, 748, 763 
Helicoprion, 346 
Heliscomys, 238-9 
gregoryi, 262 
hatcheri, 262 
senex, 262 
vetus, 262 


378 


Hemicyon, 
Hemipsalodon, 
Hemisphere, Eastern, 363 
Western, 363, 747 
Heptacodon, 443-5, 450, 
453, 458-60, 462, 
475, 491-2, 657 
armatus, 471 
curtus, 475, 482, 487 
gibbiceps, 475, 482, 486 
karensis, 475, 477, 482, 
485, 487 
occidentalis, 477-8, 482, 
483, 487, 489-90 
quadratus, 444, 478, 482, 
489 
sp. innom., 482, 489 
Heptodon, 766, 770 
G., 
Herpestes, 94, 98-9 
Herpestoidea, 53, 
Herpetotherium, 960 
960 
963 
963 
Heteromeryx, 554, 559, 
567-2 
dispar, 558 
Heteromyidae, 181, 201, 
210, 238-9, 258-9, 261 
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Heteromys, 201 
Hippoidea, 748, 910 
Hippomorpha, 748, 763, 
870, 871, 875-6 
Hippopotamidae, 410 
Hippopotamus, 
390-5, 408, 410, 
707-8, 845, 848, 857, 
Hog, 410, 670 
Homacodon, 368, 603 
Homalodotherium, 725 
Hoplophoneus, xv. See Dre- 
panodon 
Hoplophoneus, 64, 100, 125, 
142 
insolens, 137 
mentalis, 138 
molossus, 135 
oharrai, 137 
135 
primaevus, 135 
robustus, 136 
Horses, 604, 747-9, 876 
evolution of, 951 
White River, 911 
370, 516, 641, 726 
J., 357 
H., 10, 55, 
Hyaenidae, 
Hyaenodon, 30, 137 
37-8, 44-5, 
cruentus, 
horridus, 37, 39, 40, 44-5, 
leptocephalus, 
minutus, 
montanus, 
mustelinus, 44-5, 
paucidens, 
Hyaenodont incertae sedis, 
Hyaenodontidae, 
Hydropotes, 569, 574, 578 
Hyopotamidae, 442 
Hyopotaminae, 443 
Hyopotamus, 443, 458-9, 
466, 482, 715 
americanus, 458, 
bovinus, 459, 463 
brachyrhynchus, 473 
deflectus, 458 
rostratus, 473 
vectianus, 459 
Hyotherium, 
Hypertragulida, 559 
Hypertragulidae, 
506, 507, 554, 558-60, 


564, 602-4, 646, 649, 
654, 656, 661, 713, 821 
position of, 
558 
Hypertragulinae, 506, 508, 
559 
Hypertraguloidea, 364, 506, 
507, 536, 561, 646 
Hypertragulus, 507, 509, 
526-30, 532, 536, 538, 
539-51, 559-60, 565, 
568, 572-3, 596, 602-3, 
615, 655, 720 
calearatus, 511, 521, 543, 
553 
hesperius, 513, 543 
transversus, 521 
tricostatus, 521 
Hypisodontinae, 506, 524 
Hypisodus, 508, 510-1, 522, 
542, 551, 559-60, 603 
720 
alacer, 526, 534, 535 
minimus, 533, 535-6 
ringens, 533 
Hypohippus, 913, 940, 943, 
948 
Hypolagus, 276, 297, 302, 
307, 309-10, 31244, 
318, 335, 360 
browni, 276 
primitivus, 331 
Hyrachyidae, 761 
Hyrachyus, 754-5, 
766, 800, 802-3, 821, 823, 
833 
Hyracodon, 750, 754, 767, 
769-72, 777, 779, 781, 
784, 793, 799, 823, 
847-9, 940 
apertus, 841-2 
arcidens, 841-2 
leidyanus, 841-2 
nebraskensis, 841, 842, 
940 
planiceps, 794 
priscidens, 841 
selenidens, 842 
Hyracodontidae, 747, 823 
Hyracodonts, 862, 941 
Hyracoidea, 274 
Hyracotherium, 494, 911, 
923, 952 
630 
Hystricomorpha, 171, 181, 
187, 
Hystricomorphs, 160 
Hystrix, 231 
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ICTICYON, 56, 
Ictops, 13, 
acutidens, 
bullatus, 19, 
dakotensis, 15, 17, 
intermedius, 18, 
major, 18, 
montanus, 17, 
tenuis, 18, 
thompsoni, 18, 
THERING, von, 
Immigration, 
Imparidigitata, 635 
Insectivora, xiv, 30, 
274, 939 
Interatherium, 525, 693 
Irreversibility evolution, 
951 
Ischyromyidae, 160, 166, 
173, 200, 261, 358 
Ischyromyoidea, 160, 195,, 
222, 261, 263 
Ischyromys, 163, 165, 173, 
193-5, 206, 220-1, 
chrysodon, 187 
parvidens, 178, 187, 192, 
194, 262 
pliacus, 181, 187, 188, 
197, 262 
(Titanotheriomys veterior) 
196 
troxelli, 189, 191, 194, 
262 
typus, 173, 1/6, 178, 187, 
192, 235, 262, also Plate 
typus lloydi, 187 
typus nanus, 192 
vetertor, 193, 195 
Ischyrotomus, xv, 


JACKRABBITS, 339 

Jaguar, 154 

JEPSEN, L., xiv, 142, 
145, 157, 553 

John Day stage, 147, 319, 
396, 561, 946 


KALOBATIPPUS, 952 
praestans, 952 

Kansasimys, 260 

Kay, L., 

A., 235, 324 

H., 604 

T., 276 

405-7, 410, 447, 


450, 454, 457, 588, 594, 
631, 633, 635, 638, 931 
J., 578, 624-5, 918 


VERENDRYE Broth- 
ers, 
Lacustrine theory, 
Lagomorpha, xvi, 271 
Lama, 621, 623, 626, 629, 
630-33, 635-6, 638 
M., 165, 169, 
170, 192-3, 199, 232, 324, 
340, 554, 942, 953-4 
Lance stage, 
Land connections, 
Laopithecus, 366 
robustus, 368 
14, 16, 102, 
125, 177, 364, 365, 368, 
378-9, 410, 425, 463, 
492-3, 496, 503, 507, 538, 
540-3, 538, 559, 602, 607, 
621, 639, 641-2, 652-6, 
658-60, 679, 681, 691-2, 
695, 702-3, 705-7, 713-7, 
726, 772, 842, 898, 911, 
935-6, 938 
Leidymys, 249, 257 
lockingtonianus, 257 
vetus, 255, 257, 262 
Leopard, 114-7, 123, 131, 
135, 647, 720-1 
Leporid, gen. sp. indet., 
331 
Leporidae, 272-3, 275, 
351, 354 
Recent, 309, 311 
Leporinae, 276-7, 288, 303, 
360 
Leptaceratherium, 798 
trigonodus, 810, 814 
Leptacodon, 
Leptauchenia, 509, 547, 
549, 560, 573, 602, 649, 
687-9, 690, 711 
calcarata, 521 
decora, 693, 698, 700-2, 
703, 706, 708 
habits of, 707 
major, 692, 700, 702-3, 
705, 706 
minima, 533 
nitida, 691, 702-3, 706 
Leptauchenia Beds, 
Leptictidae, 
Leptictis, 14, 
haydeni, 15, 
Leptochoeridae, 363, 365, 
366, 378 
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Leptochoerus, xvi, 367, 
374, 376-8 
gracilis, 366-8, 369, 370, 
spectabilis, 366, 368, 370 
Leptomerycidae, 507, 524 
Leptomerycinae, 506, 508, 
537, 559 
Leptomeryx, 364, 372-3, 
507, 509-15, 518-21, 
523, 526-32, 537, 556-7, 
559-63, 567-9, 572-3, 
575-6, 579, 585-6, 591, 
595-6, 602-3, 609, 654, 
660, 661, 663, 720 
esulcatus, 534 
evansi, 521, 537, 551, 553, 
555 
554, 711 
554 
speciosus, 554 
Leptoreodon, 712 
Leptotragulinae, 559 
Leptotragulus, 559, 560 
Lepus, 279-83, 285-88, 297, 
302-3, 305-15, 335, 
337-8 
ennistanus, 350 
Lewis, E., 259 
Limnenetes, 649-51, 661, 
687, 709 
platyceps, 690 
Lion, 127, 130-3 
Litopterna, 876 
Lizards, White River, 
Llama, 619, 621-30, 632-4, 
637 
Llamas, 364, 506 
Recent, 606 
Loomis, B., 81, 157, 
376, 639, 641, 643, 645, 
649-51, 668, 689, 709 
Lophiodon, 763, 766 
occidentalis, 772 
Lophiodonts, European, 764 
S., 617-8, 898 
Lutra, 231 
Lydekker, 411, 648, 726 


141 
oreodontis, 125 

Machairodontinae, 109, 110 

Machairodonts, White 
River, 100 

Machairodus, 125 
occidentalis, 136 
primaevus, 135 


het 
on 
2 
4 
; ’ 
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263, 289-91, 294, 296, 
354, 931 

Mammalia, Mesozoic, 

Mammals, White River, 

Manis, 955 

Manitsha, 

tanka, 
Manteoceras, 878 
Marmota, 186, 227-8, 231 
Marmots, 186 
374, 377, 439, 443, 471, 
473, 475, 482-3, 486, 507, 
561, 571, 574, 577-9, 595, 
599, 602, 683, 714, 
772, 888, 891, 893-5, 
908 

Marsupial, Australian fos- 
sorial, 726 

Marsupialia, 273, 960 

D., 10, 12, 
17, 19, 20, 23, 26, 53, 81, 
98-100, 106, 108-9, 126, 
143, 165-6, 168, 170-1, 
186, 197, 199, 222, 224, 
226-7, 229-31, 239, 254, 
278, 289, 319, 325-9, 339, 
358, 363-5, 370, 374-5, 
380, 411, 441, 444, 495, 
509, 521, 525, 532-7, 
536, 557-60, 603-5, 
611, 614, 615-7, 682, 
710-1, 726, 785-7, 809, 
859, 940, 958 

Mauvaises terres, 

O., xiv, 272, 
963 

Megaceratops, 909 

Megacerops, 876, 885, 898, 
905, 907, 909 

acer, 907 
bucco, 884-5 
copei, 878, 881 
primitivus, 908 

Megachoerus, 379, 387, 389, 

426, 431, 439, 461 
435 
praecursor, 435 
zygomaticus, 434, 

436 

Megalagus, 276-8, 287, 290, 
294, 300, 313, 329, 331, 
332, 341, 345-7, 
360 

brachyodon, 332, 334, 

339-40, 343, 348, 359 
turgidus, 332, 335-6, 339, 

359 

Megantereon, 125 


Megatherium, 385, 892 
Meniscomys, 171 
Menodus, 871, 896-7, 905, 
906, 907, 909, 
giganteus, 877, 883, 
904 
heloceras, 
ingens, 906 
trigonoceras, 904 
Menops, 909 
Menotherium, 366 
lemurinum, 368 
C., 126, 148, 
148 
Merychippus, 525, 692, 952, 
isonesus tertius, 952 
Merychyus, 569, 573, 649, 
691-2 
elegans, 705 
649, 680, 
682, 684, 690-1, 707, 
711-2 
altiramus, 712 
Merycoidodon, 383, 397, 
442, 446-7, 450, 455, 
457, 469, 475, 545, 569, 
571, 575, 580, 584-6, 
589, 593, 623, 646-51, 
652, 677, 680, 683-4, 
688, 691-8, 700, 701-2, 
709, 714-24, 754, 924 
affinis, 668 
culbertsoni, 468 
culbertsonii, 653, 655-6, 
658, 663, 668, 669, 678, 
680, 682-3, 705, 725 
periculorum, 668, 670 
gracilis, 468-9, 651, 
670, 687-8, 699-702, 
705, 725 
macrorhinus, 668, 675, 
676 
platycephalus, 668, 675, 
676 
Merycoidodontidae, 
507, 558, 602, 
645, 648, 713, 821, 907 
genera incert. sedis, 710 
Merycoidodonts, 466 
Merycopotamus, 442, 603 
Mesocyon, 
Mesodectes, 
caniculus, 
Mesohippus, 445, 545, 580, 
630, 661, 709, 750, 769, 
816, 823, 832, 834, 
839, 854, 911, 
948, 951 
assiniboiensis, 942 


935, 939 
bairdii, 918, 933-4, 935, 
937, 940-1, 945-6, 948, 
951 
barbouri, 921, 933, 936, 
939, 943, 947 
brachystylus, 945 
celer, 933, 934 
copei, 950 
cuneatus, 941 
eulophus, 940, 949 
exoletus, 941 
gidleyi, 945 
grallipes, 949, 950 
hypostylus, 935 
intermedius, 945-6 
latidens, 934, 949 
longipes, 940, 942, 945, 
948 
meteulophus, 947, 949 
montanensis, 934 
obliquidens, 939 
planidens, 942 
portentus, 947 
praecocidens, 942: 
propinquus, 942 
proteulophus, 935 
sp., 912 
stenolophus, 942 
trigonostylus, 944 
westoni, 934, 942 
dakotensis, 713 
Mesoreodon, 584, 663, 683- 
690, 721 
Metacodon, xiv, 
magnus, 
mellingeri, xiv 
Metaelurus, 147 
Metamynodon, 709, 
799, 824, 844, 848, 
902 
chadronensis, 863, 865, 
869 
planifrons, 847, 850, 863 
rex, 863, 864 
Metoreodon, 649, 684 
Micropternodus, 
borealis, 
166, 187, 195, 199, 209, 
216, 218, 223, 231, 234, 
239, 493 
P., 
Miobasileus, 909 
Miocene, 30, 892, 913 
Upper, 747, 748 
Mioclaenus sp., 427-8 
Miohippus, 911, 932, 941-3, 
945, 948, 952 


acutidens, 952 
annectens, 948 
brachystylus, 945 
celer, 933 
950 
equiceps, 952 
gidleyi, 945 
intermedius, 946-7 
meteulophus, 940, 949 
validus, 949 
Miolabis, 611 
Miothen, 25, 960 
gracile, 963 
Mole, Cape Golden, 956 
common, 962 
marsupial, 956 
moles, 
true, 958-9 
Mongolia, 171, 173, 365, 
844, 873, 888 
Eocene of, 507, 603 
fossil mammals of, 
Monodelphia, 
Monotremata, 956, 958-9 
Montana, 932 
Mookomys, 211, 215 
Moose, 573, 595 
Moropus, 955 
Moschidae, 507, 559 
Moschus, 575, 
92, 594, 597-9, 625 
Mouse-deer, Javan, 538 
Multituberculata, 273 
Muridae, 242, 245, 251 
Museum, Acad. Nat. Sci. 
Phila., 700 
Amer., Nat. 
xv, 59, 157, 178, 
190-1, 195, 197, 231, 
254, 272, 410, 
423, 426, 429, 430, 
435, 439, 443, 444, 451, 
453, 494-7, 505, 510, 
512, 524-5, 528, 
528, 534, 545, 547, 549, 
567, 577, 639, 
663, 672, 691, 703, 714, 
716-7, 729, 750, 
755, 774, 804, 824, 850, 
865, 890-1, 897, 903, 
936-9 
College, 224, 
225, 231, 232, 898, 904 
Basel, 157 
Berlin, 797 
British, 891 
Canadian Nat., 188, 324, 
340, 942 
Carnegie, 55, 69, 


157, 525, 650, 881, 710, 
711, 956 
Col. Nat. Hist., 383, 
410, 776, 785, 903, 907 
Comp. Harvard, xv, 
10, 110, 157, 188, 
231, 848, 933, 936, 943 
Field, Nat. Hist. Chi., 
129, 272, 544, 546, 
553, 567, 577, 601, 725, 
823, 826, 827, 904 
Michigan Univ., 317, 448, 
459, 463 
Munich, 904 
Nebraska Univ., 14, 
141-2, 459, 524, 526, 
528, 529, 530, 531, 535 
Princeton Univ., 12-4, 
55, 59, 103, 108, 231-2, 
410, 416, 433, 443-4, 
453, 459, 463, 473, 475, 
489, 495, 500, 502, 512, 
523, 540-2, 546, 551, 
554, 567, 570, 587, 592, 
594, 600, 602, 624, 642, 
672, 680, 692, 697, 701, 
703, 714, 750, 774, 823, 
832, 891, 950 
Rapid City, So. Dak., 
14, 105-6, 142, 
145, 147, 173, 366, 370, 
443, 475, 477, 483, 487, 
494, 497, 500, 504, 506, 
537, 538, 540, 544, 546, 
553, 567, 577, 639, 644, 
656, 660, 750 
U.S. Nat., 141, 142, 
143, 157, 188, 612, 904, 
907 
Walker, Univ. Chi., 
Wyoming Univ., 10, 12, 
604 
Yale Univ., 366, 367, 
433, 439, 443, 533, 534, 
565, 567, 573, 577, 602, 
682-3, 726, 890, 891, 
882, 895, 897, 900, 904, 
983 
Musk-deer, 572, 576, 579, 
583, 591, 595, 706 
Musks, 541 
Mustela, 108, 231 
americana, 108 
canadensis, 
pennantii, 
Mustelavus, 107 
priscus, 107 
Mustelidae, 54, 106, 307 
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Mustelinae, 107, 108 
Myiagaulidae, 160, 183, 
231, 259, 261 
Mylagaulus, 184, 185 
Mylodon, 231, 892 
Myoidae, 195 
Myoidea, 245, 261 
Myolagus, 283 
Myomorpha, 158, 210, 234, 
245, 248, 260, 261 
Myosorex, 
Myoxidae, 160 
Myrmecophaga, 36, 377 
Mytonolagus, 273, 276, 
288-94, 296, 298, 
303-4, 307, 312, 320, 
328, 333-5, 337, 339, 
347 
petersoni, 293, 298, 343 


NANODELPHYS, 963 
minutus, 963 
Nanohyus, 
Nebraska, 30, 208, 459, 
525, 642 
Dakota area, 932 
Neohyaenodon, 
horridus, 
Neotoma, 
floridana, 
cinerea, 
Neotropical Region, 
F., xv, 125 
New Jersey, 379 
Nile, 
Nimravidae, 146 
Nimravinae, 109, 113, 146 
Nimravus, 109, 126, 128, 
146, 147, 492-3 
bumpensis, 147 
confertus, 147-8 
gomphodus, 147-8 
Non-Ruminantia, 363, 365 
North America, 604, 747- 
775, 873, 905-6 
Nothocyon, 81, 82, 100 
Nothrotherium, 726 
Notoryctes, 956-8 
Notoungulata, 694, 696 


OCTACODON, 458, 
467, 475, 483, 484, 
490 
gibbiceps, 483, 486-7 
valens, 487, 490, 491 
Ochotona, 278-9, 280-4, 
286-8, 305-15 


Ochotonidae, 272-3, 275, 
279, 280, 347-8, 360 
Odocoileus, 470, 570, 573 
O’Harra, C., 
Old World, 506, 775 
Oligobunis, 108 
Oligocene, 10, 29, 30, 747, 
913 
Omegodus, 242 
echimyoides, 237 
Opossums, 960 
Oreodon, 602, 609, 652-3, 
655-6, 659, 677, 691, 
712-3, 816 
affinis, 668 
bullatus, 714 
culbertsoni, 669, 679, 727 
periculorum, 670 
659, 
675 
(Eucrotaphus) major 686 
gracile, 670 
gracilis, 679, 687, 690, 703 
hybridus, 682 
macrorhinus, 676 
major, 679 
priscus, 669 
robustum, 676 
robustus, 669 
Oreodon Beds, 668, 941 
Oreodonta, 506 
Oreodontidae, 441, 648 
Oreodontinae, 648 
Oreodontoidea, 364, 507, 
560, 645, 721 
Oreodonts, 365, 452, 481, 
506, 585-6, 609 
Oreonetes, 649, 650, 659, 
680, 709 
anceps, 651 
Orohippus, 923 
Orthogenesis, 951, 953 
Orycterolagus, 285 
F., 54, 239, 
411, 465, 473-4, 483, 
506-8, 561, 567, 569, 
574, 576-9, 585-8, 
594-5, 597, 599, 678, 
713-4, 727, 732, 789, 
792-3, 810, 815, 817- 
20, 822, 824, 871, 
85, 889, 891-901, 
917-8, 929, 934-6, 
938-41, 940-1, 944-50, 
952, 955 
850, 852, 935, 941, 
951 


Otocyon, 

D., 

R., 443, 458, 463-4, 
578 


PACHYCYNODON, 106 
Pachyderms, 410 
Palaeanodon, 959 
ignavus, 959 
Palaeanodonta, 955 
Palaeocastor, 174, 181, 
219-23, 227-31 
fossor, 230 
nebrascensis, 222 
Palaeochoerus, 410, 
probus, 503 
Palaeodonta, 363, 364, 365, 
411 


Palaeogale, xv, 108, 

Palaeolaginae, 276 
Palaeolagus, 243, 271-3, 


276, 277, 327, 329, 332- 
50, 524 
affinus, 317 
agapetillus, 293, 316, 326, 
328, 340 
brachyodon, 291, 328, 329, 
343, 352 
burkei, 325, 328, 359 
cf. temnodon, 324 
haydeni, xvi, 276-8, 293, 
296-7, 300, 307, 316, 
320-6, 328-9, 331-3, 
337, 340-1, 352, 356 
agapetillus, 317 
intermedius, 327 
haydeni, 317 
hypsodus, 330 
intermedius, 285, 287, 
339, 356, 359 
primitivus, 331 
temnodon, 293, 296-7, 
317-8, 320, 343, 345, 
352, 359 
triplex, 336, 339-43 
turgidus, 291, 300, 328-9, 
332, 352 
Palaeosyops, 875, 888, 893 
Palaeotheriidae, 911 
Palacotherium, 557, 907, 911 
bairdii, 935 
Gigantic, 909 
Paleocene, 10, 13-4, 29, 
S., 125, 378, 
458, 602, 935 
Pantotheria, Jurassic, 
Paradjdaumo, 158, 234-7, 
241 
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minor, 237, 241, 243, 262 
nasutus, 236 
trilophus, 236-8, 243, 244, 
262 
Paradoxurus, 96, 
Parahippus, 952 
pristinus, 
Parahyus, 378 
vagus, 411 
Paralabis, 617 
Paramyidae, 158, 160, 166, 
261, 358 
Paramyinae, 
Paramys, xvi, 165-6, 173, 
177-84, 199, 218, 226, 
228-31 
relictus, 168 
robustus, 230 
Paratylopus, 604-7, 610, 
611, 953 
primaevus, 613, 614 
Pareumys, 173 
grangeri, 199 
milleri, 199 
?troxelli, 199, 200 
Parictis, 105 
dakotensis, 106 
K., 753 
F., 
Paroligobunis, 108 
Patagonian region, 
B., xiv, 
and McGrew, O., xiv 
Pauromys, 163, 167, 248, 
249 
perditus, 250 
Pearson, H., 494, 498-9, 
502, 505 
364, 663 
Recent, 493 
Peccary, 
Collared, 660, 662, 665-6 
Pecora, 363-5, 393, 445, 
447, 518, 530, 543, 
551, 558-60, 571-3, 
575-6, 579-81, 584-8, 
590-3, 596, 603, 609, 
627, 655, 663, 961 
Dubia, 560 
Recent, 592-3 
Pedetidae, 160 
Pediohippus, 932, 941, 942, 
948-9 
antiquus, 943, 
brachystylus, 944, 945, 
946 
gidleyi, 945, 949 
intermedius, 946, 949 
portentus, 947 


trigonostylus, 944 
Pelonax, 379, 337, 431, 433, 
439 
bathrodon, 440 
potens, 412, 414, 439, 441 
ramosus, 412, 414, 433, 
439, 440 
Peraceras, 791 
Peratherium, 960 
alternans, 961 
fugax, 961, 962, 963 
huntii, 961, 962, 963 
marginale, 961 
scalare, 961 
961 
Perchoerus, 364, 373, 493, 
754 
minor, 501 
nanus, 501, 502 
probus, 494, 498, 500-2, 
503 
Perissodactyla, 363, 458, 
713, 747 
clawed, 713, 953 
Eocene, 837 
tapiroid, 748 
Perognathus, 185 
flavus flavus, 185 
Peromyscus, 247, 248 
247 
183, 228, 230, 379, 428, 
430, 435, 441, 798, 888 
Phalanger, 231 
Phascolomys, 273, 726 
Phlaocyon, 106 
Phoea, 231 
Pichiciago, 956 
Pigs, 664 
Pika, 279-80, 282, 285-8, 
307, 315 
Pipestone Creek beds, 932 
Pithecistes, 561, 649, 691-2, 
694-5 
Placentalia, 274 
Placentals, 354 
Platygonus, 499 
Pleistocene, 747, 892 
Plesictis, 107 
pygmaeus, 107 
Plesiospermophilus, 208 
Pliocene, 913 
lower, 747, 748 
Poébrotherium, 72, 370-2, 
445, 454, 515, 524, 527, 
544-5, 580, 587, 590, 
592, 602, 604, 605-14, 
616, 618, 661, 720, 912, 
924, 953 


618, 693, 
953 
eximium, 639, 645, 953 
labiatum, 611, 617-8, 621 
953 
wilsoni, 607, 618, 620-1, 
626, 639-40, 641, 645, 
953 
A., 102, 458, 911 
Porcupines, South Ameri- 
can, 186 
Prairie Dogs, 186 
Price, L., 847 
Primates, xiii, xiv 
Prionodon, 121 
Proamphicyon, 55, 
nebrascensis, 76, 
Proboscidea, 892, 898, 902 
Procaenopus, 793 
Procynodictis, 100 
Procyon, 96, 119 
lotor, 
Procyonidae, 54, 106 
Prodaphoenus, 100 
Proheteromys, 211, 215 
floridanus, 215 
matthewi, 215 
nebraskensis, 213, 215, 
216, 262 
parvus, 258 
thorpei, 211 
Prolagus, 294, 295 
Promerycochoerus, 649, 
677, 680, 682, 684, 
686, 690 
chelydra, 677 
macrostegus, 678 
Pronomutherium, 649, 684, 
690 
Proscalops, 
miocaenus, 
Prosciurus, 158, 161, 194, 
208, 239 
aff. lohiculus, 171, 262 
aff. saskatchewaensis, 170 
ballovianus, 172 
cf. 
jeffersoni, 164, 172, 261 
lohiculus, 162 
relictus, 167, 168, 
170, 262 
?robustus, 166 
sp. 164, 171 
vetustus, 161, 162, 167, 
168, 170, 262 
wortmani, 170, 172 
Protadjdaumo, 234-6, 238 
typus, 238 
Protagriochoerus, 442, 720 


Protapirus, 748, 749, 763-9 
European, 749 
obliquidens, 751-2, 758, 

759, 761-2, 770 
priscus, 759 
simplex, 758, 
validus, 750-2, 758, 760, 
761 

Protelidae, 

Protemnocyon, 75, 80, 100 
inflatus, 

Proterix, 
loomisi, 

Protitanotherium, 878 

Protoceras, 445, 507, 515, 

545, 557-9, 561-6, 567, 
603, 607, 609, 709 
celer, 563, 567, 577, 599 
comptus, 601 
nasutus, 577, 599, 601 

Protoceratidae, 
554, 561, 603, 646, 
661, 713 

Protolaginae, 276 

Protolagus, 277-8, 300 
affinis, 341 

Protomeryx, 953 

Protoptychidae, 160, 261 

Protoreodon, 442, 651, 720 

xiii, xiv, 
crassus, xiv, 

Protrogomorpha, 155, 160, 
260, 261 

Protylopus, 559, 607, 608, 
610, 645, 912, 952-3 

H., 911 

Pseudaelurus, 147 

Pseudocylindrodon, 199, 

201-3, 204 
neglectus, 205, 262 
Pseudocynodictis, 54, 63, 
68, 81, 105-6, 112, 116, 
118-9, 134 
geismarianus, 
gregarius, 99, 101, 108 
lippincottianus, 101, 103 

Pseudolabis, 604, 606, 615 
dakotensis, 
(Paralabis) matthewi, 617 

Pseudoprotoceras, 561, 562, 

567 
longinaris, 563, 564 

Pseudopterodon, 

Pseudosciuridae, 160 

Pseudotomus, xvi 

Pterodon, 

J., 596 

Putorine section, 108 


Putorius, 108, 109 
ermineus, 108 


RABBIT, 305 
brush, 283 
domestic, 285 
sage, 278 
Rabbits, 275 
Recent, 286, 288, 305 
Rats, 279 
H., 251 
Reptiles, White River, 
Rhinoceratoidea, 747, 762, 
763, 808, 819, 863 
Rhinoceros, 379, 635, 
798, 807, 823-4, 833, 
856, 909 
415 
aquatic, 709 
Indian, 850 
nebraskensis, 842 
occidentalis, 810 
Sumatran, 857 
unicornis, 802, 850 
Rhinoceroses, 747, 913, 941 
aberrant, 844 
amynodont, 748 
cursorial, 749 
hyracodont, 748 
land, 709 
Miocene, 775 
Oligocene, 775-6 
Pliocene, 775, 808 
true, 762, 775, 862 
White River, 775-6, 829 
Rhinoceros-like genera, 763 
Rhinocerotidae, 747, 762, 
775, 828-9, 831, 
837, 839, 842, 853, 855 
Miocene, 785 
Oligocene, 785, 791, 798 
Rhodanomys, 234-5, 242 
sp. 237 
Rhynchocyon, 
S., 129, 544, 
553, 725 
Rodent, Giant, 
Rodentia, xv, 155, 160, 
273-5, 355-6, 358-9 
Incertae Sedis, 258 
John Day, 172-3 
Romerolagus, 280, 285, 288 
Ronzon, 430, 448, 459, 461- 
Ruminantia, 364, 506 
Ruminants, 363, 456, 573, 
649 
brachyodont, 716 
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Recent, 570, 585, 595 
L., 157, 169, 324 
Ruetimeyer, L., 364, 365, 

569, 602, 654, 913, 931 


SABRE-TOOTH CATS, 
109 
Sabre-tooths, false, 109, 146, 
492 
Saiga antelope, 595 
Saskatchewan, 932, 953 
24, 
aquaticus, 962 
375, 381, 431, 
436, 439 
altidens, 412, 414, 438 
167, 246, 257 
Schizotherium, 954 
bilobatum, 954 
M., 10, 
326-7, 831, 933, 936, 939, 
943-9 
M., 53, 66, 70, 
75, 82, 91, 103, 108, 
273, 275, 283, 364-5, 410, 
550, 586, 873, 911 
ScHREUDER, A., 273, 276 
Sciuravidae, 158, 160, 161, 
166, 200, 260-1, 358 
Sciuravus, 163, 165-7, 
218, 239 
nitidus, 162 
undans, 162, 163 
Seiuridae, 163, 166, 173, 
219, 231, 234, 238, 242, 
258, 260-1 


Sciuroidae, 158, 


Sciuroidea, 261 
Sciuromorpha, 
186, 209, 210, 222-3, 227, 
231, 235, 239, 242, 260-1 
Sciuromorphs, 160, 195 
Sciurus, 163, 165, 178, 
227-9, 231 
171 
relictus, 165, 168 
saskatchewaensis, 165 
vetustus, 166, 167 
wortmani, 166 
B., 102, 157, 238, 
255, 363, 381, 473, 558, 
951, 955 
Scottimus, 249, 255 
lophatus, 255, 256, 262 
Selenodontia, 602 
Selenodonts, 593, 619, 623 
modern, 586 
Uinta, 506, 559, 560 


formation, 30, 173, 
350, 457, 610 

Sespemys, 203, 208, 

Sewellel, 186 

Shrew, African Hero, 305 

Shrews, 

Sicistidae, 261 

Sigmodon, 
hispidus, 

Simimys, 249 

Simplicidentata, 273-4 

Simpson, G., xv, 29, 54, 
273, 955, 956 

378-81, 412, 415-6, 418- 
424-5, 428-30, 433-5, 
437, 698, 707, 709, 841-2, 
898, 950 

Sinclairella, xiii, xiv, 
dakotensis, 

Sivatheriidae, 596 

Sivatherines, 558 

Smilodon, 109, 138, 141-2 
californicus, 129 

Solenodon, 

Solenodontidae, 

Sorex, 

Soricidae, 

Soricoidea, 

South America, 525, 714, 
762, 845, 876, 960 

South Dakota, ff. 
State School Mines, 

Species, determination of, 
17, 44, 76, 101, 121, 
134, 157, 187, 374, 412, 
463, 471, 481, 501, 521, 


533, 553, 599, 639, 668, 


702, 726, 758, 785, 809, 
818, 841, 863, 905, 932, 


Squirrels, 227 
ground, 279 

Steneodon, 125 

Steneofiber, 218-9 
montanus, 222 

Stenomylinae, 539 

Stenomylus, 639, 641 

Stibarus, 366-8, 370 
loomisi, 370, 374, 376 
montanus, 372, 374, 375 
obtusilobus, 372, 

376, 377 

STILLWELL, W., 502 

A., 109, 199, 
218-9, 221-3, 226, 231 


973 
C., 231, 610 
H., xvi 
Subhyracodon, 709, 776, 


778-9, 782-5, 788, 794- 
798, 822, 824-30, 
832-41, 847-9, 
856-9, 861-3 
copei, 810, 814, 815, 817, 
823 
gidleyi, 816 
metalophus, 817, 821, 823 
occidentalis, 781, 784, 
789, 801, 810, 810, 
820, 822-3 
tridactylum, 818, 822 
trigonodus, 810, 814, 817 
Subursi, 410 
Suidae, 366, 410-1, 493 
Suids, 707 
Suillines, 659, 663, 666 
Suina, 363, 663 
Sus, 385, 390, 392, 394, 400, 
667, 684 
larvatus, 577 
Swift Current region, 932 
Swine, 580, 649, 709 
Sylvilagus, 279-85, 287-9, 
306, 308 
(Brachylagus) idahoensis, 
278 
idahoensis, 278 
Symborodon, 907, 908 
bucco, 888, 904 
Syndyoceras, 559, 601 
Synthetoceras, 577 


TAENIODONTA, 273 
Tagassu, 493 
493 
Talpa, 24, 25, 958 
Talpidae, 
Tapir, American, 756 
Tapirella, 752 
bairdi, 749 
Tapiridae, 747, 749 
Tapiroidea, 747, 749, 763 
Tapirs, 747, 749 
false, 834, 836 
Tapirus, 754, 755, 769 
indicus, 749, 752, 753 
roulini, 
terrestris, 754, 756, 760 
Taxymys, 167 
Tayassu, 385, 492, 495-6, 
498-500, 664 
tajacu, 498 
Tayassuidae, 363-4, 493 
P., 186, 218 
Teleoceras, 782 
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Teleodus, 875, 878, 905, 
907, 908, 909 
avus, 908 
primitivus, 908 
Telmatherium, 875, 893 
Temnocyon, 76, 
Tenrec, 
Tenrecoidea, 
Theridomyidae, 160, 234 
Thinohyus, 495, 501 
nanus, 502 
Thlaeodontinae, 963 
Tuomas, O., 493 
Tuompson, A., 533 
M., 369, 486, 
645, 648-52, 668-70, 675, 
677-8, 707-9, 714 
Thylacosmilus, 129 
Ticholeptus, 649 
Tillomys, 163, 166, 167, 170, 
172, 199 
parvus, 162 
plicatus, 162 
Titanomys, 278, 295 
fontannesi, 352 
visenoviensis, 291 
Titanops, 910 
Titanotheres, 871, 905 
genera of, 
Titanotheriidae, 871 
Titanotherioidea, 871 
Titanotheriomys, 193, 209, 
221, 325 
veterior, 196, 262 
wyomingensis, 137, 138, 
262 
Titanotherium, 687, 909, 910 
Titanotherium Beds, 
Tomarctus, 
Torrejon stage, 
Tortoises, White River, 
Toxodonta, 714 
Toxodonts, 696 
Tragulidae, 559 


Tragulina, 363, 364, 499, 
550, 558-9, 569, 571, 
586, 590-1, 593, 595-6, 
602, 603 

Tragulines, 619, 622 

Tragulus, 521, 544, 545, 

547, 549-51, 572, 583, 
586, 590-1, 595, 625, 
661 

kanchil, 358 

Tricium, 277-8, 300, 340 
annae, 300, 317 
arunculus, 300, 317 
leporinum, 317 
239, 341 

Tridactyla, 749 

Trigenicus, 709, 710 
?mammifer, 111 
socialis, 710 

Trigonias, 750, 775, 776, 

790, 792, 793-4, 796, 
798-800, 803-9, 817, 
820-1, 832-3, 838, 841, 
851, 853-6, 859-63 

cooki, 

787 

gregoryt, 787, 789-90 

hypostylus, 787-8 

osborni, 778, 787, 788, 
789, 791-2, 804, 810, 
814, 820 

osborni, 787 

787 

secundus, 787 

wellsi, 789 

paucidens, 787-8 

788 

preoccidentalis, 787-8 

secundus, 787 

taylori, 787-8, 791 

tetradactylum, 788 

wellsi, 787, 789 

Trimerodus, 537 

Triplopus, 823 

TROXELL, L., 178, 183-4, 


187, 191, 199, 258, 271, 
295, 328, 379, 412, 
418, 423-4, 426, 428, 
430-3, 435, 439, 441, 443, 
458-9, 472-3, 482-3, 487, 
526, 533, 618, 790, 817, 
841, 953 
Tsaganomys, 199, 201, 
Tsagomylus, 222 
T., 184, 275 
Tylopoda, 363-5, 454, 506, 
551, 558-60, 575, 
603, 952 
Recent, 626, 635 
Typotheres, 696 
Typotheria, 


UINTA, 100, 747, 871, 873 
artiodactyls of, 363 

Uintacyonidae, 56, 89, 100, 

Uintatherium, 576-7, 898 

United States, 932, 953 

University, Chicago, 
Colorado, 510, 523 
Harvard, 933 
Michigan, 157, 305, 

310, 317 

Nebraska, 157, 251 
Princeton, 157, 321, 323 
Yale, 479 

Urocyon, 55, 56, 82-5 

Ursidae, 

Ursoidae, 


VIVERRA, 86, 118 
Viverridae, 54, 92, 118, 128 
ash, 

Vulpes, 


WALKER, V., 291, 300, 
332, 351 

WEBER, 10, 17, 53, 378, 


Weld Co. Col., 776, 785-6 
C., 428 
White River, 
fauna, 
formation, 
W., 159, 199, 
234, 260, 350, 357 
H., 53-4, 239, 263, 
956, 958 
V., 208, 216 
Wolf, 666 
Wolves, 
fox-like, 100 
Wombat, 726 
xvi, 155, 234, 
239, 260, 271, 292, 307, 
309, 314 
D., 324 
Woon, E., 324, 357, 775, 
786, 789, 792-4, 797-8, 
809-10, 814, 821-2 
286 
Wood-rats, 
234 
100, 106, 465, 473-4, 
576-9, 585-92, 594-5, 
597, 678, 713-4, 727, 
732, 953 
and C., 749, 
759, 767-8, 770 
Wyoming, 29, 933 


XENARTHRA, 955, 957, 
959 

Xenotherium, 956 
unicum, 959 

Xiphodon, 567, 619 


ZAPODIDAE, 234, 260, 
261 

O., 956, 958 

Zebras, 832 

von, 158, 160, 
234, 410, 595 


2 


Fig. 
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Fig. 
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Fig. 
Fig. 
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Fig. 
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Fig. 
Fig. 
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Fig. 
Fig. 
Fig. 
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Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


la. 
1b. 


PLATE LXXIX 


Protapirus 
Protapirus validus Hatcher: Skull and mandible, left side, type: Princeton Univ. Mus. No. 
10,899 and No. 10,900. Premaxilla and upper incisors restored from skull Museum So. 
Dak. State School Mines, Rapid City. 
The same, base view. 
The same, top view. 


Figures 7/12. 


PLATE LXXX 


Protapirus validus Hatcher: Lower dentition, crown view, 8/5, co-type: Princeton Univ. 
Mus. No. 10,900. 

Protapirus obliquidens and E.: Left manus, dorsum, 7/10, A.M.N.H., No. 662. 
Palaeogale sp.: Skull, base somewhat less than twice natural size, A.M.N.H., No. 38,825. 
Right ramus mandibuli: Outer side same skull. 


The same: Crown view teeth. 


PLATE LXXXI 


Colodon 
Colodon occidentalis: Right upper dentition, crown view, 9/7, Princeton Mus. No. 13,595. 
Colodon dakotensis: Left lower dentition, crown view, 14/13, Princeton Mus. No. 12,700. 
Colodon dakotensis: Right ramus mandibuli, outer side, 1/2 approx., A.M.N.H., No. 9779. 
Colodon dakotensis: Right humerus, front, No. 10,751. 
Colodon occidentalis: Right radius and ulna, front, 7/8, A.M.N.H., No. 658. 
Colodon occidentalis: Right manus, dorsal side, 5/7, A.M.N.H., No. 658. 
Colodon dakotensis: Left side, 2/3, A.M.N.H., No. 10,751. 


Colodon dakotensis: ento- and mesocuneiforms and mt. II, tibial side. 


PLATE 
Trigonias osborni: Skull, left side, 1/3 approx., A.M.N.H., No. 9847. 


Trigonias osborni: The same, top view. 


Subhyracodon occidentalis: Right upper cheek-teeth, 3/5 approx., A.M.N.H., No. 532. 
Caenopus mitis: Right upper cheek-teeth. (From cast the Berlin Museum.) 


PLATE 


Trigonias 
Trigonias osborni: Atlas, dorsal side, 3/10. 


Trigonias osborni: The same, posterior end. 
Trigonias osborni: The same, left side. 


Trigonias osborni: Axis, left side, 3/10. 


Trigonias osborni: The same, dorsal view. 


Trigonias osborni: Left scapula, outer side. 
Trigonias osborni: Right humerus, dorsal side. 
Trigonias osborni: Right radius, dorsal side. 
Trigonias osborni: Right ulna, dorsal side. 
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10. 
11. 
12. 


Trigonias osborni: Right manus, dorsum. 
Trigonias osborni: Left innominatum, outer side. 
Trigonias osborni: Left femur, dorsal side. 
Trigonias osborni: Left tibia, dorsal side. 

Trigonias osborni: Left fibula, dorsal side. 
Trigonias osborni: Left pes, dorsal side. 


Figures 1/4 approx. and all taken from skeleton No. 9847, A.M.N.H. 


3 


8a. 
8b. 


PLATE LXXXIV 
Subhyracodon occidentalis: Skull, left side, 3/8, Princeton Mus., No. 11,014. 


Subhyracodon occidentalis: The same, top view. 
Subhyracodon occidentalis: The same, cross-section through nasals. 


Diceratherium tridactylus Tips nasals, dorsal side (type Hatcher’s proavitum), 
Princeton Mus., No. 10,963. 


Diceratherium tridactylus: The same, cross-section through nasals. 


PLATE LXXXV 


Subhyracodon 
Subhyracodon occidentalis juv.: Skull, base, A.M.N.H., No. 534. 
Subhyracodon occidentalis juv.: The same, left side. 


Subhyracodon occidentalis juv.: The same, top view. 


Subhyracodon occidentalis: Upper cheek-teeth, crown view, 1/2 approx., Princeton Mus., 
No. 13,138. 
Subhyracodon occidentalis: Lower cheek-teeth, p2-m3, crown view, Princeton Mus., No. 13,138. 


PLATE LXXXVI 


Subhyracodon 
Subhyracodon occidentalis: Atlas, dorsal side, No. 1148. 
Subhyracodon occidentalis: Axis, left side, A.M.N.H., No. 537. 


Subhyracodon occidentalis: The same, anterior end. 


Subhyracodon occidentalis: Third cervical vertebra, left side, No. 1144. 
Subhyracodon occidentalis: Seventh dorsal vertebra, left side, No. 1140. 
Subhyracodon occidentalis: Third lumbar vertebra, left side, A.M.N.H., No. 1149. 
Subhyracodon occidentalis: Right scapula, outer side, No. 1140. 
Subhyracodon occidentalis: Right humerus, outer side, No. 1140. 
Subhyracodon occidentalis: Right radius and ulna, outer side, A.M.N.H., No. 1132. 
Subhyracodon occidentalis: Right radius, anterior view. 

Subhyracodon occidentalis: Right ulna, anterior view. 


All figures 9/22 Nat. Size. 


2a. 
Fig 


la. 


PLATE LXXXVII 


Subhyracodon 
Subhyracodon occidentalis: Right manus, dorsal side, 1/2 approx., A.M.N.H. 
Subhyracodon occidentalis: Pelvis, right side, No. 1132. 
Subhyracodon occidentalis: The same, dorsal side. 
Subhyracodon occidentalis: Right femur, front view, A.M.N.H., No. 539. 
Subhyracodon occidentalis: Right tibia and fibula, front, No. 539. 


ures 9/22 Nat. Size. 


PLATE LXXXVIII 


Subhyracodon occidentalis: Right pes, dorsum: Princeton Mus., No. 12,983. 
Subhyracodon occidentalis: The same, fibular side. 


- 
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Fig. 1b. Subhyracodon occidentalis: The same, caleaneum and astragalus, distal end. 
Fig. Subhyracodon occidentalis: The same, plantar side astragalus. 
Fig. Subhyracodon sp.: Right caleaneum, dorsum. Coll. M.S. Farr. 
Fig. mitis: Right manus, dorsal side; Princeton Mus., No. 11,418. 
Fig. 3a. Caenopus mitis: The same, ulnar side carpus. 

All figures 1/2 (109: 58) Nat. Size. 


PLATE LXXXIX 


Hyracodon 

Fig. nebraskensis: Skull, right side, 3/5 approx. (57: Field Mus. Nat. Hist., No. 
Fig. Hyracodon nebraskensis: Left scapula, outer side. 
Fig. nebraskensis: Left humerus, anterior side. 
Fig. nebraskensis: Left ulna and radius, outer side. 
Fig. 4a. Hyracodon nebraskensis: The same, distal end ulna and radius. 
Fig. nebraskensis: Left manus, dorsal side. 
Fig. nebraskensis: Right femur, anterior side. 
Fig. Hyracodon nebraskensis: Left tibia and fibula, anterior side. 
Fig. Hyracodon nebraskensis: Left pes, dorsal side. 
All figures, except Fig. approx. 1/3 Nat. Size and taken from No. 11,414, Princeton Univ. 
Museum. 
PLATE 
Hyracodon 


nebraskensis: Skull, top view, 3/5 approx., Field Mus., No. P.12,011. 
Fig. la. Hyracodon nebraskensis: The same, anterior view. 


Fig. Hyracodon nebraskensis: Right upper cheek-teeth, crown view, approx. 4/3, Princeton 
Mus. No. 12,518. 


Fig. nebraskensis: Lower dentition, crown view, approx. 3/5, Princeton Mus., No. 
12,662. 


PLATE XCI 


Metamynodon 
Fig. planifrons: Skull, left side, 1/3, Nos. 547 and 1091. 
Fig. la. Metamynodon planifrons: The same, anterior end, No. 547. 


PLATE XCII 


Metamynodon 
Fig. Metamynodon planifrons: Skull, base, 1/3, A.M.N.H., No. 547. 


Fig. Metamynodon planifrons: juv. Left ramus mandibuli, crown view, Nat. Mus., No. 
10,602. 


Fig. planifrons: juv. Skull and lower jaw, left side, Nat. Mus., No. 10,602. 


PLATE XCIII 


Metamynodon 
Fig. planifrons: Atlas, dorsal side, 2/5, No. 1097. 
Fig. la. Metamynodon planifrons: The same, anterior end. 
Fig. Metamynodon planifrons: Axis, left side, A.M.N.H., Nos. 1089 and 1100. 
Fig. 2a. Metamynodon The same, anterior end, 4/11. 
Fig. planifrons: 16th dorsal vertebra, left side, No. 1098. 
Fig. Metomynodon planifrons: Left scapula, outer side, approx. 2/5, A.M.N.H., No. 1104. 
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Metamynodon planifrons: 
Metamynodon planifrons: 
Metamynodon planifrons: 


Metamynodon planifrons: 
Metamynodon planifrons: 
Metamynodon planifrons: 
Metamynodon planifrons: 
Metamynodon planifrons: 
Metamynodon planifrons: 
Metamynodon planifrons: 
Metamynodon planifrons: 
Metamynodon planifrons: 
Metamynodon planifrons: 


Left patella, dorsal side, approx. 1/3, A.M.N.H., No. 1094. 
Left astragalus, 13/36, A.M.N.H., No. 1088. 
The same and distal end. 


PLATE XCIV 


Metamynodon 
6th cervical vertebra, left side, No. 1089. 
3rd dorsal vertebra, left side, No. 1089. 
Right humerus, front, A.M.N.H., No. 548. 
The same outer side. 
Right radius, front, A.M.N.H., No. 548. 
The same, outer side. 
Right ulna, outer side, A.M.N.H., No. 548. 
The same, anterior side. 
Right femur, front, A.M.N.H. 
Right tibia, No. 1091, and fibula, No. 955. 


Figures approx. 1/4 Nat. Size. 


la. 
1b. 


Metamynodon planifrons 
Metamynodon planifrons 
Metamynodon planifrons 
Metamynodon planifrons 


PLATE XCV 


Metamynodon 
6th caudal vertebra, dorsal side, No. 548. 
14th caudal, dorsal side, A.M.N.H., No. 548. 
Pelvis from behind, 1/4 A.M.N.H., Nos. 548 and 1090. 
Right manus, dorsal side, 5/14, Princeton Mus., No. 10,886. 
Left pes, dorsal side, 2/5, A.M.N.H., No. 548. 


PLATE XCVI 
Mesohippus 


Mesohippus Skull, right side, Colorado Mus. Nat. Hist., No. 1194. 
Mesohippus bairdii: The same, top view. 
Mesohippus bairdii: The same, base. 


Mesohippus Oce 


PLATE XCVII 


Mesohippus 
iput, Princeton Univ. Mus., No. 11,367. 


Mesohippus Sacrum, ventral side, Princeton Mus., No. 11,376. 
Mesohippus bairdii: Left outer side, Princeton Mus., No. 10,927. 


Mesohippus bairdii: The same, from behind. 


Mesohippus bairdii: Left humerus, outer side, Princeton Mus., No. 


Mesohippus bairdii: The same, front. 


Mesohippus Left ulna and radius, outer side, Princeton Mus., No. 10,927. 


Mesohippus bairdii: The same, front view. 
Mesohippus bairdii: Left ulna, anterior face. 


Mesohippus Right manus, dorsal side, Princeton Mus., No. 11,020. 


figures, approx. 2/3. 


PLATE XCVIII 
Mesohippus 


Mesohippus bairdii: Atlas, dorsal side (from Scott). 
Mesohippus bairdii: Axis, left side (from Scott). 


2a. Mesohippus bairdii: The same, anterior end. 


as 
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Fig. 
Fig. 
Fig. 
Fig. 4a. 
Fig. 
Fig. 5a. 
Fig. 
Fig. 6a. 


Mesohippus bairdii: The same, ventral side. 

Mesohippus bairdii: Left innominatum, Princeton Mus., No. 11,376. 
Mesohippus bairdii: Left femur, outer side, Colorado Mus. Nat. Hist. 

Mesohippus bairdii: The same, anterior face. 

Mesohippus bairdii: Left tibia and fibula, dorsal side, Princeton Mus., No. 10,927. 
Mesohippus bairdii: The same, external side. 

Mesohippus bairdii: Left pes, dorsal side, No. 10,927. 

Mesohippus bairdii: The same, fibular side. 


All figures, approx. 2/3. 


— 
woe 


PLATE XCIX 


Miohippus meteulophus, type: Skull, left side, approx. 3/4, A.M.N.H., No. 1210. 
Trigonias osborni wellsi, type: Left upper dentition, crown view, approx. 2/5, 
No. 13,226. 


Trigonias osborni: Right lower dentition, crown view, approx. 1/2, A.M.N.H., No. 9792. 


PLATE 


Epoicotherium unicum, type: Skull, left side, enlarged 33: 110; Carnegie Museum, No. 1018. 
Epoicotherium unicum, type: The same, top view. 


unicum, type: The same, base. 


Leptochoerus gracilis, type: Upper cheek-teeth, crown view, 12/5, Peabody Mus. Yale 
Univ., No. 10,322. 


Leptochoerus gracilis, type: The same, lingual side. 
Leptochoerus gracilis, type: Right lower cheek-teeth, crown view, enlarged 19. 
Leptochoerus gracilis, type: The same, lingual side. 


Stibarus obtusilobus: Left upper cheek-teeth, crown view, enlarged 9:23, State School 
Mines, Rapid City, So. Dak. See pp. 369, 374. 


Fig. 
Fig. la. 
Fig. 
Fig. 
Fig. 
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